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A b s t r a c t
THE ONTOGENY AND FUNCTIONAL SIGNIFICANCE OF 
LUTEINIZING HORMONE RELEASING HORMONE (LHRIl) CONTAINING 
CENTERS OF THE BRAIN OF THE FRESHWATER TELEOST,
Xiphophorus maeula tus
by
L e s l i e  R, Halpern  -  Sebold 
Advisor:  Mar tin  P. Schreibman
The use  o f  c y to m e t r i c ,  immunocytochemical and radioimmunolog- 
c a l  methods has a llowed t h e  i n v e s t i g a t i o n  o f  t h e  ontogeny and f u n c t i o n a l  
s i g n i f i c a n c e  o f  LHRH c o n ta i n in g  c e n t e r s  i n  s i b l i n g  p l a t y f i s h  (Xiphophorus 
m a e u l a tu s ) g e n e t i c a l l y  de termined  t o  r e a c h  sexua l  m a t u r i t y  a t  d i f f e r e n t  
ages and i n  a d u l t  f i s h  which were hypophysectomized and given  rep lacement 
t h e ra p y  w i th  gonadotrop in .
There i s  a s e q u e n t i a l  development o f  t h r e e  immunoreactive ( i r - )
LHRH c e n t e r s  in  t h e  b r a i n  t h a t  i s  d i r e c t l y  r e l a t e d  t o  s t a g e ,  not age o f  
s exua l  m a tu ra t io n .  The f i r s t  r e g io n  t o  c o n ta i n  ir-LHRH i s  t h e  nucleus  
o l f a c t o r e t i n a l i s  (NOR). Ir-LHRH th e n  appears  i n  t h e  nuc leus  p r e o p t i c u s  
p e r i v e n t r i c u l a r i s  (NPP), fo l lowed  by t h e  nuc leus  l a t e r a l i s  t u b e r i s  (NLT). 
This a n t e r i o r  t o  p o s t e r i o r  sequence has  been te rmed as t h e  "cascade  
e f f e c t "  and i s  e s s e n t i a l l y  s i m i l a r  i n  bo th  e a r l y  and l a t e  m atur ing  geno­
t y p e s ,  except t h a t  in  l a t e  m a t u r e r s , s p e c i f i c  s t e p s  o f  t h e  "cascade  e f f e c t ’’ 
t a k e  p la c e  a t  s i m i l a r  developmenta l  s t a g e s ,  bu t i n  o l d e r  an im a ls ,  and 
r e q u i r e  more t ime t o  be completed.
The appearance  o f  t h e s e  LHRH producing  c e n t e r s  i n  t h e  b r a i n  precede  
and a r e  presumably e s s e n t i a l  f o r  t h e  comple tion  o f  gonadotrop development 
and t h e  subsequent  m a tu ra t io n  o f  t h e  gonads.  A d i r e c t  c o r r e l a t i o n  i s  found 
between t h e  number o f  ir-LHRH c o n ta i n in g  p e r i k a r y a  in  t h e  b r a i n  and number
o f  ir-GTH c e l l s  in  t h e  p i t u i t a r y  o f  bo th  e a r l y  and l a t e  m a tu re r s .
v i
In  bo th  g eno types ,  t h e  number o f  i r - c e l l s  a r e  s i m i l a r  i n  t h e  NOR and 
P I ,  b u t  i n  l a t e  m a t u r e r s ,  t h e  number o f  i r - e e l l s  i n  t h e  NPP,NLT and CPD 
a re  s i g n i f i c a n t l y  l e s s .
The dynamics o f  t h e  i n t e r a c t i o n  between LHRH and GTH a re  f u r t h e r  
i l l u s t r a t e d  by t h e  e f f e c t  o f  hypophysectomy and hormone r e p l a c e m e n t . ICC 
and RIA r e s u l t s  dem ons t ra te  t h a t  hypophys ia l  removal produces  d i s t i n c t  
changes i n  t h e  d i s t r i b u t i o n  and q u a n t i t y  o f  LHRH in  t h e  b r a i n .  A d ec rea se  
in  t h e  t o t a l  LHRH c o n te n t  occurs  i n  t h e  b r a i n s  o f : hypophysectomized 
an im a ls ,  which i s  p a r t i a l l y  r e s t o r e d  by t h e  a d m i n i s t r a t i o n  o f  gonado t rop in .
The d i f f e r e n t  r e sp o n ses  o f  t h e s e  ir-LHRH c o n ta i n in g  c e n t e r s  t o  
hypophysectomy and t h e  s e q u e n t i a l  accumula t ion  o f  ir-LHRH i n  t h e  N0R,NPP 
and NLT between b i r t h  and p u b e r ty  sugges t  t h a t  th e y  d i f f e r  i n  t h e i r  r o l e s  
in  r e g u l a t i n g  BPG a x i s  f u n c t i o n .
The r e s u l t s  o f  t h i s  s tudy  a l s o  i n d i c a t e  t h a t  t h e  s i t e ( s )  and mechan­
i s i n g )  o f  t h e  P gene a re  h ig h ly  complex phenomena and t h a t  t h e  P gene 
may express  i t s e l f ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  , a t  v a r io u s  l e v e l s  o f  
t h e  nervous and endocr ine  systems,
v i i
Ackr.owledgemcr.ta: •
This  t h e s i s  p r o j e c t  could  never  have been u n d e r ta k en  w i th o u t  the  
s u p p o r t  and encouragement g iven t o  me by my mentor and f r i e n d .
Dr.  M ar t in  P.  Schreibman.. I  would l i k e  t o  e x p re s s  my a p p r e c i a t i o n  to  
M ar t in  f o r  i n t r o d u c i n g  me t o  th e  e x c i t i n g  world c f  f i s h  p h y s io lo g y ,  
s u p p o r t i n g  me th rough  a l l  the  happy and sad t imes  I  encoun te red  d u r in g  my
g ra d u a te  t r a i n i n g  and most o f  a l l ,  l e a c h i n g  me what th e  word committment
means.  I hope to  repay  him by doing th e  same f o r  o t h e r s  i n  t h e  f u t u r e .
I would a l s o  l i k e  t o  e x p re s s  my s i n c e r e  a p p r e c i a t i o n  to
Dr. H e n r i e t t a  Kazan-Nunno for1 her  a s s i s t a n c e  d u r in g  th e  p r e p a r a t i o n  o f
t h i s  d i s s e r t a t i o n ,  s u p p o r t i n g  me th ro u g h o u t  my g ra d u a t e  t r a i n i n g  and
t e a c h in g  me t h a t  one can be both a s c i e n t i s t  and a l a d y .
F u r t h e r  adv ice  and encouragement have come from my t h e s i s  a d v i so r y  
committee:  Drs .  Louis M oribe r ,  Carolyn Burd ick ,  George F r i e d ,  Ronald 
Fckha rd t  and Ml oh e l  r e r u n  who a l l  have c o n t r i b u t e d  to  my p r o g r e s s  in  more 
v;ays than  could  be e x p r e s s e d .  A s p e c i a l  thanks  i s  g iven  to  my good 
f r i e n d s  Laura Pannaman, Pamela Ander,  Fran L e rn e r ,  and my l a b  mates 
Judy Bloom, Mary k a l s h ,  Jo .nelle  Pagan, E th e l  Suben, my t y p i s t  Judy 
o t e j n h s r g  and everyone e l s e  who marie my g r a d u a te  t r a i n i n g  a p l e a s a n t  
e x p e r i e n c e .
This d o c to ra l  d i s s e r t a t i o n  would never  have been completed w i th o u t  
the  lo v e ,  suppor t  and encouragement g iven  to  me by my mother
LTa>, Ha lpern .  Her unending a s s i s t a n c e  and emotion.nl. s t r e n g t h  have guided,
me th roughou t  t h i s  p r o j e c t . Thanks I-lom.
Thanks i s  a l s o  g iven  to  my s i s t e r - i n - l a w  Dr.  Candy R e to ld ,  my 
husband Gary S-.-hold < '■! .v,*- o f  a l l  my dccpi I  spore.'. * a t  ion and love  i s
gi vcr. to  my son Seth  Paul Sebold who agreed  to  l e t  h i s  mother have the  
uppor i .ui .uy o: corn"1 c t  > r.y t h i s  d i s s e r t a l  ’m , th e re b v  makinr an imoorcvw.
v i i i
c o n t r i b u t i o n  t o  the  f i e l d  o f  n eu ro e n d o c r in o lo g v .
i x  _
1 .  Radioimmunoassay o f ’F ish  Brain LHRH  .............   67
2 . Radioimmunoassay o f  F ish  Brain LHRH........................................   68
3 . T ota l Volume o f  th e  NOR, KPP and IJLT in  E arly  and Late 
M aturers ......................................................................................................... 69
U. Kuclear Area o f  th e  KOR, FTP and NLT in  E arly  M aturers. 70
5 . C e llu la r  Index o f  th e  KOR,KPP and KLT in  E arly
Maturers ..................................................................; .................................... 71
6 . Kuclear Index o f  th e  FOR,KPP and KLT in  E arly
M a tu r e r s ........................ . ..............................    72
7 . Kuclear Area o f  th e  KOR, FTP and KLT in  Late
M a tu r e r s ........................... ............................................................................  73
8 . C e llu la r  Index o f th e  KOR, KPP and KLT in  Late
Maturers ................................................................................     7^
9 . Kuclear Index o f  th e  KOR, KPP and KLT in  Late
M a tu r e r s ...................... ......................................................................... .. 75
1 0 . 'dumber o f  Ir-LKEK C ontaining P erikarya in  Brain and 
Kumhcr o f  Ir-LKRH and Ir-GTH C ontaining C e lls  in  
P i t u i t a r y ................................................................... .................................  76
1 1 .C e ll and Kuclear In d ic e s  o f  th e  1CFD C e lls  in  E arly and 
Late Maturers ............................................................................................. 77
1 2 .C ell and Kuclear In d ic e s  o f  th e  vCFD C e lls  in  Early
ai T.fd i^ e ■ i ■ a o . r  3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1. >
1 3 .C ell and Kuclear In d ic e s  o f  PI C e lls  in  E arly  and
Late Maturers  ...........     79
lU .O c ll and Kuclear In d ic e s  o f  Sham-operated and Hypophy-
secto'T.izod S ex u a lly  Mature P l a t y f i e h ........................................ 80
15.LHPJI Content per Brain as Determined by P .IA ......................... 8 l
x
TABLES
1 .  P A l l e l e s  and Pigment Markers Used i n  t h i s  S tudy . . . . .  55
2 .  G ene t ic  C rosses  and progeny Used i n  t h i s  S t u d y ..............  56
3 .  Gonqpoaial  Development and S tage  o f  T e s t i s  M a tu r a t i o n .  57 
J4. L i s t  o f  Progeny Used i n  t h i s  S t u d y ..................................  58
5 .  T o t a l  Volume and T o t a l  Humber o f  Neurons i n  t h e  NOR,
UPF, and NLT o f  P a r l y  ana L a te  M atu re r s  ..............................  59
6 .  Morphometry o f  NCR i n  E a r ly  and L a te  M atu re r s  . . . . . . . .  60
7 .  Morphometry o f  I.TP i n  E a r ly  and Late  M atu re r s  . . . . . . . .  6 l
8 .  Morphometry o f  IILT i n  E a r ly  and La te  M atu re r s  . . . . . . . .  62
9 . Number o f  Ir-LHPM C o n ta in in g  P e r i k a r y a  i n  t h e  Bra in
end Number c f  T.r-LHPH and. Ir-GTH C on ta in ing  C e l l s  i n  
P i t u i t a r y ................................      63
1 0 . Morphometry o f  G onadotrop ic  C e l l s  i n  t h e  P i t u i t a r y  . . .  6 !;
1.U.i-.orpnuneu iy or x^ar^ x-noormedia Cc.lxo . . . . a . . . . . . . . . . . .  C>5
1 2 . The E f f e c t  of 'Hypophysectomy and GTH A d m i n i s t r a t i o n  on 
morphometry o f  t h e  NOP., IIPP and KLT i n  Seuur. l ly  Mature 
F i s h   ..................................................     66
FIGURES
1 .  L ine  Drawing o f  M i d - s a g i t t a l  S e c t i o n  th ro u g h  P l a t y f i s h  
B ra in  and P i t u i t a r y ....................!................. ............................................. ..
2 .  B ra in  (Low Power) o f  S e x u a l l y  Mature  F i s h ...................................
3 .  KOR o f  E a r ly  M a tu r e r ,  S tag e  6 ..............................................................
k ,  XiO>T Power View o f  NCR o f  S tage  6 ,  E a r l y  Matuxer . . . . . . . . . .
5 .  I'TPP o f  E a r ly  M a tu r e r ,  S tag e  6  ............................................................
6 .  Hypophysia l  S t a l k ,  E a r l y  M a tu re r ,  S tage  6 ...................................
7 .  KLT c f  E a r ly  M a tu r e r ,  S tage  6 ..........................................................
8 .  P i t u i t a r y ,  E a r ly  M a t u r e r ,  S tag e  6 ................................... .................
9 .  NOR o f  E a r ly  M a tu r e r ,  One week Old ...................................................
1 0 . P i t u i t a r y ,  T r a n s v e r se  S e c t i o n ,  Cne Week O ld ,E a r ly  M a tu re r .
1 1 . P i t u i t a r y ,  S a g i t t a l  S e c t i o n ,  One Week Old,  E a r ly  M a t u r e r . .
' * 9 . . .
3.2,NOR o f  E a r ly  M a tu r e r ,  S tage  1 ,  5 Weeks Old  ................
1 3 . NCR o f  E a r ly  M a tu r e r ,  S tage  2 ,  10 Weeks Old  .....................
1 !*.NPP o f  S tage  2,  E a r ly  M a tu r e r ,  10 Weeks Old  .........................
1 5 . NLT o f  S tage  2 ,  E a r l y  M a tu r e r ,  10 Weeks Old ..............................
lo.NCR o f  S tage  6 ,  Shar . -opera ted  F i s h  ...................................................




















I n t r o d u c t i o n :
F o r  many y e a r s ,  c o n s i d e r a b l e  e f f o r t  h a s  b e e n  s p e n t  s e e k i n g  
u n d e r s t a n d i n g  o f  t h e  m e e h a n i s m ( s )  t h a t  c o n t r o l  s e x u a l ' m a t u r a t i o n . 
P u b e r t y  i n  v e r t e b r a t e s ,  has  i t s  b a s i s  i n  developmenta l  e v e n t s  w i t h i n  th e  
b r a i u - p i t u i t a r y - g o n a d a l  (BPfl) a x i s .  L u t e i n i z i n g  hormone r e l e a s i n g  
hormone (LHRH), a l s o  known a s  g o n a d o t r o p i n  r e l e a s i n g  hormone (GnRH), 
r e g u l a t e s  t h e  s y n t h e s i s  and  r e l e a s e  o f  gonadotrop ins ,  from th e  a n t e r i o r  
p i t u i t a r y  g l a n d  o f  mammals ( S c h a l ly  £ t .  a_l. ,  1971; Ojeda e t .  a l . ,  19S0, 
19S3; R e i t e r  and Grumbaeh ,  1 9 8 2 ) .  D u r i n g  g e s t a t i o n  a r e l a t i o n s h i p  i s  
e s t a b l i s h e d  b e tw een  t h e  a p p e a r a n c e  o f  LHRH in  s p e c i f i c  r e g i o n s  o f  the  
b r a i n  and t h e  f u n c t i o n i n g  o f  t h e  h y p o p h y s i s  ( g u i n e a  p i g ,  B a r r y  and  
D u B o i s , 197*1; S i l v e r m a n  and Zimmerman, 1978; S c h w a n z e l - F u k u d a  and
Si lverm an ,  1980; r a t ,  S e t a l o  e t .  a l , .  1972; Daikoku e t .  a l . . , 1980; mouse, 
Hoffman et_. a l . ,  1978'; G r o s s  and  B a k e r ,  1979; humans, Bugnon e t .  a l . , 
1977; B a r r y ,  1979 ; m o n k i a s ,  S i l v e r m a n  £ t .  al_. ,  1977; F a u l in  e t .  a l . ,
C o n s i d e r a b l y  l e s s  i s  known a b o u t  t h e  i n t e r r e l a t i o n s h i p s  o f  t h e  
b r a i n ,  p i t u i t a r y  and g c n a d s - in  nor*-mammalian v e r t e b r a t e s .  In  t e l e o s t s ,  
a s  i n  mammals, th e  b r a i n  and p i t u i t a r y  a r e  a n a to m ic a l ly  and f u n c t i o n a l l y  
l i n k e d  ( P e t e r ,  1970,  1973 ,  1982, 19 8 5 a , b ) s h o w e v e r ,  i n  f i s h  but not 
mammals,  axons o f  n e u r o s e c r e t o r y  c e l l s  end on o r  nea r  g o n a d o t ro p ic  c e l l s  
(S c h r e ib m a n  e t .  a l . , 1973, 1979; Kaul and Voll ra t-h ,  197*1; B a to r ,  1983a, 
b ;  Nagahama and f c t e r , 1932; Zambrano, 1970, 1971 ; Peute  et_. a . l , ,  1976; 
B a l l ,  1 9 8 1 ) .  Two t y p e s  o f  f i b e r s ,  A and B, o r i g i n a t i n g  in  the  n u c leu s  
p r e o p t i c u s  (NRG) and n u c le u s  l a t e r a l i s  t u b e r i s  (NLT) o f  th e  hypothalamus 
r e s p e c t i v e l y ,  i n n e r v a t e  the  g o n ad o t ro p ic  e e l I s  ( P e t e r  end fagahoma. 1976; 
B a l i ,  1981; Pel e r ,  '1983a ,  b ) .  L ' l e e t r  J c a l  l e s i o n  m g  o f  axons emanating 
f r o m  p e r i k a r y a  o f  t h e  N!.7, r e  s o l  t s  :: n a d e c r e a s e  in  t h e  l e v e l  « o f
c i r c u l a t i n g  g o n a d o t r o p i n  and gonadosomatic  i n d i c e s  ( P e t e r ,  1982, 1983; 
P e t e r  e t .  a l . , 1978; P e t e r  and Grim, 1979; P e t e r  and Pau lencu ,  1980) .
The e x i s t e n c e '  o f  LHRH in  ' t e l e o s t s  has  been e s t a b l i s h e d  and i t s  r o l e  
a p p e a r s  t o  be s i m i l a r  t o  t h e  one  i t  s e r v e s  i n  mammals. Analogues o f  
m a m m a l ia n  LHRH c a n  i n d u c e  g o n a d o t r o p  p r o l i f e r a t i o n  and  s u b s e q u e n t  
g a m e t o g e n e s i s  i n  s t e r i l e  h y b r i d s  o f  p l a t y f i s h  (Bao and Kallman, 1982),  
g o l d f i s h  ( P e t e r ,  1982; P e t e r ,  1983) and raedakas (Chan, 1977) .  S i m i l a r l y ,  
c r u d e  h y p o t h a l a m i c  e x t r a c t s  have  b e en  i s o l a t e d  from th e  t e l e o s t  b r a i n  
t h a t  e l i c i t  L .H R H -l ike  a c t i v i t y  b o t h  i n  v i v o a n d  i j i  v i t r o  and a 
g o n a d o t r o p i n  r e l e a s i n g  hormone has  been i d e n t i f i e d  in  s e v e r a l  t e l e o s t s  
u s i n g  b i o c h e m i c a l  m e th o d s  ( C y p r i n u s  c a r p i o , B r e t o n  ejt .  a l . . ,  1975; 
C a r a s s i u s  a u r a  bus v Crim ejc = a l .  , 1976; Pseudop leur o n e c te s  a m e r i c a n u s , 
Crim e t .  a_l. , 1981; S a r o t h e r o d o n  m o s s a m b i c u s , King and M i l l a r ,  1980; 
B a r n e t t  e_t. a l . ,  1979, 1982; Sherwood e t .  a l . , 1983).  The LHRH molecule  
o f  t e l e o s t s  c o n ta i n s  r e g i o n s  o f  amino a c id  sequences  t h a t  a r e  s i m i l a r  to  
mammals,  th u s  i n d i c a t i n g  c o n s e r v a t io n  o f  s t r u c t u r e  th ro u g h o u t  v e r t e b r a t e  
e v o l u t i o n  (K ing  and M i l l a r ,  1980; B a r n e t t  £ t .  a l . , 1982; Sherwood e t .  
a l . ,  1983).
I m m u n o c y t o c h e m i s t r y  h a s  b e e n  u s e f u l  i n  i d e n t i f y i n g  c e n t e r s
c o n t a i n i n g  i m n i u n o r e a c t i v e  ( i r - )  LHRH and t h e i r  n e u r o n a l  p a th s  t o  the
p i t u i t a r y .  I r ~ m a t e r i a l  has  been i d e n t i f i e d  in  p e r i k a r y a  and axons o f  the
n u c l e u s  o l f a c t o r e t i n a l i s • (NOR) ,  n u c l e u s  p r e o p t i c u s  p e r i v e n t r i c u l a r i s
(NPP) and nuc leus  l a t e r a l i s  t u b e r i s  p a r s  p o s t e r i o r i s  (NLTp) i n  th e  b r a i n ,
and in  axonal end ings  supp ly in g  c e l l s  c o n ta i n in g  i r - g o n a d o t r o p i n  (GTH) in
t h e  c a u d a l  p a r s  d i s t a l i s  o f  t h e  p i t u i t a r y  and i n  c e l l s  o f  t h e  p a r s
i n t e r m e d i a  (PI)  in  s e v e r a l  t e l e o s t s  p l a t y f i s h  (Lc.hreibman e t ,  a l . , 1379;
Munz e t . a l  . , 1981, 1 9 3 2 ) ;  g o l d f i s h  (Kah e t .  a l , , 198*0 J ra inbow t r o u t  
( b u b o x s  e t . a l . , 1 9 ( 9 ;  Goes and  M u r a t h a n a g  1 u , 1 3 7 7 ) ;  t h r e e - a p  i no
s t i c k l e b a c k  (Borg  e t .  a l . , 1982) and c a r p  (Nozaki and Kobayashi,  1979; 
Nagahama and P e t e r ,  1982) .  There have been no s t u d i e s  on the  ontogeny o f  
L H R H -c o n ta in in g  c e n t e r s  i n  t h e  b r a i n  o f  t e l e o s t s  and  i t s  f u n c t i o n a l  
s i g n i f i c a n c e  in  th e  development  o f  s ex u a l  m a tu r a t i o n .
X ip h o p h o ru s  m aeu la tu s  ( th e  p l a t y f i s h )  can be used  a s  a model sys tem 
f o r  i n v e s t i g a t i n g  t h e  i n t e r a c t i o n  o f  t h e  genome with  t h e  n e u ro e n d o c r in e  
s y s t e m  i n  d e t e r m i n i n g  t h e  t i m i n g  o f  p u b e r t y  (K a l lm an  and Schre ibman, 
1973; Kallman e t .  a l . , 1973; Schreibman e t .  a l . , 1973, 1979, 1982a, b,  c ,  
d;  S c h re ib m a n  and K a l l m a n ,  1977,  1 9 7 8 ) ,  The age  o f  o n s e t  o f  s ex u a l  
m a t u r a t i o n  d e p e n d s  upon a t  l e a s t  f i v e  a l l e l e s  a t  t h e  P l o c u s .  These 
a l l e l e s  a r e  l o c a t e d  on th e  sex  chromosome(s) and a re  l i n k e d  to  a number
o f  p ig m e n t  g e n e s  (K a l lm a n  and Schreibman, 1973; Kallman e t .  a l . . , 1973;
1 BKal lman and B o r k o s k i ,  1 9 7 8 ) .  Each combina t ion  o f  P a l l e l e s  (P t o  P " ) 
d e t e r m i n e s  t h e  a g e  and  s i z e  a t  w h ich  t h e  gonadotrops  o f  th e  p i t u i t a r y  
p r o l i f e r a t e  and become p h y s i o l o g i c a l l y  a c t i v e  and s e x u a l  development 
e n s u e s  ( K a l l m a n  and S c h r e i b m a n ,  1973; Kal lman  and B o r k o s k i ,  1978; 
S c h re ib m a n  and K a l lm a n ,  1978; Bao and Kallman, 1982).  S p e c i f i c  g e n e t i c  
c r o s s e s  can  be g e n e r a t e d  t o  p r o d u c e  s i b l i n g s  t h a t  r e a c h  p u b e r t y  a t  
d i f f e r e n t  c h r o n o l o g i c a l  a g e s  (Kallman and Schreibman, 1973; Schreibman 
and K a l lm a n ,  1977; K a l lm an  and Borkoski ,  1978).  Changes in  th e  b r a i n -  
p i t u i t a r y - g o n a d a l  (BPG) a x i s  t h e r e f o r e  o ccu r  in  c l e a r  d e f i n i t e  s t a g e s  
t h a t  a r e  e a s i l y  i d e n t i f i e d  and th u s  pe rm i t  the  i n v e s t i g a t i o n  o f  p u b e r ty  
phenomena in  d i f f e r e n t  genotypes  (Schreibman e t .  a l . ,  1982a, b,  c ) .
P i t u i t a r i e s  from l a t e  matur ing  an imals  do no t  p o s se s s  a f u n c t i o n a l  
g o n a d o t r o p i c  zone  a t  th e  same c h r o n o lo g ic a l  t ime a s  e a r l y  m a tu r ing  s i b s  
( K a l l m a n  and S c h r e i b m a n , 1973; S c h r e i  bman. and K a l lm an  > 1977,  1978; 
Kallman and Borkosk i ,  1978). Since p i t u i t a r y  development d i f f e r s  between 
g e n o t y p e s  and s i n c e  LISRII i s  needed,  f o r  a p ro  I i f  o r a t i o n  o f  goni.dolrop
a c t i v i t y ,  a  s t u d y  was u n d e r t a k e n  t o  examine th e  o n to g e n ic  i n t e r a c t i o n  
b e tw ee n  t h e  a p p e a r a n c e  o f  LHRH-eonta ining c e n t e r s  i n  t h e  b r a i n  and the  
d e v e l o p m e n t  o f  p i t u i t a r y - g o n a d a l  a c t i v i t y  i n  e a r l y  and l a t e  m a tu r ing  
p l a t y f i s h .  Th is  s tudy  i s  d iv id e d  i n t o  two p a r t s :
(1 )  The o n t o g e n y  o f  l u t e i n i z i n g  hormone r e l e a s i n g  hormone (LHRH) 
c e n t e r s  i n  t h e  b r a i n  o f  p l a t y f i s h  g e n e t i c a l l y  produced t o  re a ch  p u b e r ty  
a t  two d i f f e r e n t  a g e s  i n  o r d e r  t o  c o r r e l a t e  t h e  development  o f  hormone- 
c o n t a i n i n g  b r a i n  r e g io n s  w i th  p i t u i t a r y - g o n a d a l  s t r u c t u r e  and f u n c t i o n .
( 2 )  H y p o p h y s e c t o m y  a n d  r e p l a c e m e n t  w i t h  f i s h  g o n a d o t r o p i n  i n  
s e x u a l l y  m atu re  p l a t y f i s h ,  to  examine the  dynamics o f  t h e  i n t e r a c t i o n  o f  
LHRH and GTH s y n t h e s i s  and s e c r e t i o n .
Ma t e r i a l s  and Methods
The p l a t y f i s h ,  Xiphophorus m a e u l a tu s , i s  a  f r e s h w a t e r  p o e c i l i i d  whose 
h a b i t a t  r a n g e s  from s o u t h e a s t e r n  x i c o  t o  B e l i z e .  The o r i g i n a l  s t o c k s  
were c o l l e c t e d  f o r  th e  New York Z o o lo g ica l  S o c i e ty  i n  1939 by Myron Gordon. 
D e s c e n d e n t s  o f  t h e s e  s t o c k s  i a n d  t h o s e  more r e c e n t l y  c o l l e c t e d  a r e  
m a i n t a i n e d  and bred a t  t h e  Osborn Lab o ra to ry  o f  Marine S c ien ces  o f  th e  New 
York Aquar ium.  Some s t o c k s  c o l l e c t e d  i n  th e  Rio Jamapa ( s t r a i n  163A and 
163B) have been in b red  f o r  over  60 g e n e r a t i o n s .
The s e x - l i n k e d  g e n e ,  P ,  d e t e r m i n e s  t h e  age  a t  w h ich  t h e  o n s e t  o f  
s e x u a l  m a t u r i t y  o c c u r s  i n  m a l e  a n d  f e m a l e  p l a t y f i s h  (K a l lm a n  and
S c h r e ib m a n ,  1973; K a l lm an  ejb aJL. ,  1973;  S c h re ib m a n  and K a l lm an ,  1977;
1 SS c h r e i b m a n  a n d  K a l lm a n ,  1 9 7 8 ) .  F i v e  F a l l e l e s  (P t o  P ) h a v e  been  
i d e n t i f i e d  i n  n a t u r a l  p o p u l a t i o n s  and l a b o r a t o r y  s t o c k s  (K a l lm an  and  
B o r k o s k i ,  1 9 7 8 ) .  T hese  a l l e l e s  d e t e r m i n e  t h e  t i m e  a t  which th e  b r a i n -  
p i t u i t a r y - g o n a d a l  a x i s  becomes a c t i v e  and s ex u a l  m a tu ra t io n  en su es .  The P 
f a c t o r s  a r e  c a r r i e d  on b o t h  s e x  c h rom osom es ,  X and Y, and a r e  c l o s e l y  
l i n k e d  t o  a number o f  c o l o r  genes t h a t  s e r v e  a s  pheno typ ic  markers  f o r  th e  
P locus  (see t a b l e  1) .
The 193 male  and  f e m a le  p l a t y f i s h  used in  t h e s e  s t u d i e s  were d e r iv e d  
from s to ck s  o f  the  G e n e t ic s  Lab o ra to ry  o f  the  Osborn L a b o r a t o r i e s  and t h e i r  
d e s c e n d e n t s  t h a t  have  been  m a i n t a i n e d  and  i n b r e d  a t  B r o o k l y n  C o l l e g e .  
S i b l i n g s ,  o r  f i s h  o f  t h e  same age  and g e n e t i c  s t r a i n ,  were used in  each 
e x p e r i m e n t  ( s e e  t a b l e  2) f o r  g e n e t i c  c r o s s e s .  A l l  an im als  were fed  t h r e e  
t i m e s  d a i l y  a d i e t  o f  l i v e r - c e r e a l  m ix tu r e ,  b r i n e  shrimp n a u p l i i  o r  d r i e d  
shredded shrimp a n d /o r  commercial  f l a k e  food (Tetramin or  e q u i v a l e n t ) .
A l l  f i s h  were  k e p t  u n d e r  a 16 h o u r  l i g h t  -  8 h o u r  d a r k  c y c l e ,  a t  
a p p o x i r a a t e l y  23°C i n  a q u a r i a  c o n t a i n i n g  "aged" New York C i ty  t a p  w a te r ,  
g r  a v a n d  p l a n t s .
Anal  P i n Metamorp h o s i s
The t r a n s f o r m a t i o n  o f  th e  a n a l  fi.n o f  males i n t o  a gonopodium, which 
t r a n s m i t s  sperm dur ing  c o p u l a t i o n  can s e r v e  a s  an in  v ivo  i n d i c a t o r  o f  the  
s t a g e  o f  s e x u a l  m a t u r a t i o n  and o f  s e x  s t e r o i d  l e v e l s  ( G r o b s t e in ,  .19^8; 
S c h r e ib m a n  £ t  a l .  , 1 9 8 2 ) .  T h e re  a r e  s i x  c l e a r l y  d e f in e d  s t a g e s  i n  t h i s  
a n a l  f i n  m e t a m o r p h o s i s  ( s e e  T ab le  3) which a r e  dependent upon i n c r e a s i n g  
l e v e l s  o f  a n d r o g e n s  and can  t h u s  be used to  i n d i c a t e  th e  s t a g e  o f  s ex u a l  
m a t u r a t i o n .
The v a r i o u s  s t a g e s  o f  gonopodia l  development a r e  d e s c r ib e d  below and 
a r e  c o r r e l a t e d  w i th  the  developm enta l  phase o f  th e  BPG a x i s  ( see  Table  M);
(1) Unmodified Anal F i n : This i s  c h a r a c t e r i s t i c  o f  males from b i r t h  to  
s t a g e  1 .  P i t u i t a r y  g l a n d s  c o n t a i n  a l l  c e l l  t y p e s  e x c e p t  f o r  t h e  
g o n a d o t r o p i c  zone o f  the  v e n t r a l  c auda l  par's d i s t a i i s  (vCPD) (Schreibman,  
1‘9 6 jO . '  T e s t e s  a r e  c o m p r i s e d  o f  two l o b e s ,  w i t h  sperm atogon ia  on t h e i r  
p e r i p h e r y ,  s u r r o u n d i n g  a c e n t r a l  co n n ec t iv e  t i s s u e  r e g io n  (Schreibman e t  
a l . , 1 9 8 1 ) .  O v a r i e s  a r e  c o m p o s e d  o f  p r e v i t e l l o g e n i c  o o g o n i a  ( s e e  
Schreibman e t  a l . ,  1982, f o r  d e t a i l s ) .
(2 )  G onopod ia l  S tage  1 : The 3rd ,  Mth and 5 th  ra y s  o f  the  a n a l  f i n  a r e  
e lo n g a t e d .  I t  occurs  a t  f o u r  to  f i v e  weeks o f  age in  a l l  m a les ,  r e g a r d l e s s  
o f  g e n o t y p e .  The g o n a d o t r o p i c  zone o f  t h e  vCPD c o n t a i n s  o n l y  a few 
ch ro m o p h o b ic  c e l l s .  Spermatogenes is  p roceeds  up to  th e  sperm atocy te  s t a g e  
and  o o g e n e s i s  p r o c e e d s  up t o  t h e  y o l k  d e p o s i t i o n  s t a g e  (Schreibman and 
Kallman, 1977, 1978).
(3 )  G o n o p o d ia l  S t a g e  2 : The d i s t a l  ends o f  the  f i n  r a y s  c o n t in u e  to
e l o n g a t e  and t h i c k e n  t o  form th e  f o r e r u n n e r  o f  th e  " h o l d f a s t "  s t r u c t u r e .  
This  occurs  as  e a r l y  as  10-11 ueeks i n  an im als  and 25-26 weeks in  P'T**
f i s h .  G o n a d o t r o p s  i n  t h e  vCP'O i n c r e a s e  i n  number and d i s p l a y  s i g n s  o f  
s e c r e t o r y  a c t i v i t y .  S e c o n d a r y  s p e r m a t o c y t e s  a r e  now p r e v a l e n t  and the
b e g i n n i n g  o f  s p e r m i o g e n e s i s  i s  in  e v id e n c e .  Oocytes begin  to  accumula te  
yo lk  g r a n u le s  (Schreibman and Kallman, 1977).
Gonopodi a l  S t a g e  6 ; The gonopodium a p p ea rs  as  an e l a b o r a t e  bony
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s t r u c t u r e .  T h i s  o c c u r s  a t  18-20 weeks i n  P P an im a ls  and 59-73 weeks in  
P2P^ an im a ls .  The g o n a d o t ro p ic  zone and gonads a r e  co m p le te ly  developed  a t  
s t a g e  6 and a r e  i n d i s t i n g u i s h a b l e  i n  e a r l y  and l a t e  m a tu r ing  m ales .
I n  f e m a l e s  s e x u a l  m a t u r i t y  i s  de termined  by th e  p resence  o f  a t  l e a s t  
one yolky oocy te  and i s  a s c e r t a i n e d  a t  a u to p sy .
Hypophysectomy (H):
a )  Temporal Study
T h i r t y ,  34 w e e k - o l d ,  s e x u a l l y  mature  female  p l a t y f i s h  o f  the  Jamapa 
s to ck  (JP 163A, g e n e r a t i o n s  57,  58 and 59) were u sed .
One week b e fo re  hypophysectomy, f i s h  were t r a n s f e r r e d  from f r e s h w a t e r  
i n t o  t a n k s  c o n t a i n i n g  a e r a t e d  1/3 sea  w a te r ,  g r a v e l  and no p l a n t s .  F ish  
were  a n e s t e t i z e d  i n  0 .0 4 $  t r i c o n e  m e th an e  s u l f o n a t e  (M S -222) ,  and the  
p i t u i t a r y  was removed a c c o r d i n g  t o  t h e  method o f  Schreibman and Kallman 
( 1 9 6 6 ) .  S h a m - o p e r a t e d  and hypophysectoraized an im a ls  were r e t u r n e d  to  1/3 
s e a  w a t e r .  At 1, 3 and 5 weeks fo l lo w in g  s u r g e r y ,  7 H and 3 sham-opera ted  
an imals  were s a c r i f i c e d  and processed- f o r  ICC a n a l y s i s .
Hypophysectomy and Gonadotropin  (GTH) A d m i n i s t r a t i o n :
S i x t y - f i v e ,  34 w e e k - o l d ,  s e x u a l l y  m a t u r e  f e m a l e  p l a t y f i s h  o f  the  
Jamapa s to ck  (JP 163A, g e n e r a t i o n s  57, 58 and 59) were used in  t h i s  s tu d y .
' ' F i s h  were  o p e r a t e d  on a s  i n d i c a t e d  above  and on a l t e r n a t e  mornings
b e g i n n i n g  on t h e  f i f t h  week f o l l o w i n g  s u r g e r y  a l l  an im als  were i n j e c t e d  
i n t r a p e r i t o n e a l l y , w i th  e i t h e r  5 u l  o f  0 .6$ NaC1 o r  10 ug salmon GTH (SG- 
G100) i n  5 u l  o f  0.6$ NaC1, per  gram body w e ig h t .  A t o t a l  o f  5 i n j e c t i o n s  
were a d m i n i s t e r e d . Animals were d e c a p i t a t e d  and p rocessed  f o r  a n a l y s i s  ? 
hours  a f t e r  -the f i  f t h  i n j e c t i o n  (6 weeks p o r t - o p ) .
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The t h r e e  ex p e r im en ta l  groups were:
Group 1 ; S h a m - o p e r a t e d - s a l i n e  i n j e c t e d ;  o f  t h e  15 a n im a ls ,  8 were 
p rep a red  f o r  radioimmunoassay RIA and 7 were p ro cessed  f o r  ICC s tu d y .
Group 2 : Hypophysee tom ized-sa l ine  i n j e c t e d ;  o f  th e  25 a n im a ls ,  12 were 
p rep a red  f o r  RIA and 13 p ro c e s s ed  f o r  ICC.
Group 3 : H ypophysec tom ized-G T H  i n j e c t e d ;  o f  t h e  25 a n im a ls ,  1*1 were 
p repa red  f o r  ICC and 11 f o r  RIA.
H i s t o l o g y :
Animals were d e c a p i t a t e d  j u s t  p o s t e r i o r  to  th e  operculum and heads and 
b o d i e s  w ere  p laced  i n  B o u in ' s  f l u i d  c o n ta i n in g  a c e t i c  a c i d  f o r  tw e n ty - f o u r  
h o u r s ,  u n d e r  vacu u m  ( 2 3  mm Hg) a t  room t e m p e r a t u r e .  T i s s u e s  were  
d e c a l c i f i e d  ( D e c a l ,  Omega C o . )  d e h y d r a t e d ' ( Z i r k l c  normal buty )  a l c o h o l  
s’e r i e s ' ,  K r a j a n ,  19*10), and su b se q u e n t ly  embedded in  " P a ra p la s t " -  (Monojeet)  
u n d e r  a d i s s e c t i n g  m ic roscope .  Five micra  (urn) t h i c k  s e r i a l  s e c t i o n s  were 
c u t  i n  t h e  t r a n s v e r s e  o r  s a g i t t a l  p l a n e ,  mounted on g e l a t i n  co a ted  s l i d e s  
and  p r o c e s s e d  f o r  im m u n o c y to c h e m ic a l  a n d / o r  h i s t o l o g i c a l  e v a l u a t i o n  or  
c o n f i rm a t io n  o f  hypophysectomy.
The fo l lo w in g  h i s t o l o g i c a l  s t a i n s  were u t i l i z e d :
(1)  N i s s l  S t a i n : t o  d e m o n s t r a t e  b a s o p h i l i a  i n  neurons  proces.scd fo r  
h i s t o l o g i c a l  and immunocytochemical e v a l u a t i o n .
(2 )  M a s s o n ' s  T r i c h r o m e : t o  a n a l y z e  p i t u i t a r y  c e l l  t y p e s  and neurons  
and a s  a c o u n t e r s t a i n  f o r  immunocytochemically t r e a t e d  s l i d e s .
( 3 )  . H a r r i s '  Hema t o x y l i n  an d  E o s l n : t o  e v a l u a t e  t h e  s t a g e s  o f  
gam etogenes i s .
Immn; i o y toc  h cm 1 s t  r  y (1CCO :
The i n d i r e c t  i l a m u n o p e r o x i d a s e  - a n t i - p e r o x i d a s e  (PAP) method o f  
o t e r n b e r g e r  e t  a 1 . , ( 1 970 ) was emp 1 oyed f o r  a l l  im m unooy toohe rc ica l
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e v a l u a t i o n s  u s i n g  r a b b i t  a n t i s e r u m  to  s y n t h e t i c  LHRH (anti-LHRH; Goos ejt 
a l . ,  1976) o r  t o  t h e  b e t a - s u b u n i t  o f  p u r i f i e d  c a r p  g o n a d o t ro p in  ( a n t i -
cGTHB; B u rz a w a - G e r a r d  et_ a_l. , 1976; F o n t a i n e  and Burzawa-Gerard , 1978).
{
F o r  m e t h o d s  o f  p r e p a r a t i o n  o f  a n t i b o d i e s  and t h e i r  c o n f o r m a t i o n  o f  
s p e c i f i c i t y ,  see  d i s c u s s i o n  o f  m e thods . .
Anti-LHRH was u sed  a t  a c o n c e n t r a t i o n  o f  1 :500 o r  1:1000,  anti-cGTHB 
a t  d i l u t i o n s  r a n g i n g  f rom 1 :1200  t o  1 :3 0 0 0 ,  and r a b b i t  p e ro x id a s e  a n t i ­
p e r o x i d a s e  (PAP) complex (C appe l l )  a t  a d i l u t i o n  o f  1 :400. A l l  d i l u t i o n s  
were made u s i n g  sodium phosphate  b u f f e r e d  s a l i n e  (PBS 0.01M; pH 7 . 6 ) .  In 
o r d e r  t o  v e r i f y  t h e  s p e c i f i c i t y  o f  t h e  a n t i s e r a ,  c o n t r o l  p r o c e d u r e s ,  in  
w hich  a d j a c e n t  s e c t i o n s  w ere  a l t e r n a t i v e l y  i n c u b a t e d  w i th  anti-LHRH or  
anti-GTHB, o r  any one o f  t h e  f o l l o w i n g ,  were employed:
(1) Normal sheep serum a n d /o r  Normal r a b b i t  serum i n  the  same d i l u t i o n
as  th e  pr im ary  a n t i s e r a .
(2) Phosphate  b u f f e r e d  s a l i n e .
(3 )  P r i m a r y  a n t i s e r u m  w hich  had been p r e in c u b a te d  (24 h r s .  a t  4°C) 
w i t h  c o r r e s p o n d i n g  a n t i g e n  ( s y n t h e t i c  LHRH o r  c a rp  GTH) o r  h e t e r o lo g o u s  
a n t ig e n  r a t  neurophys in  p r o t e i n  o r  t h y r o g l o b u l i n  (Sigma) a t  a c o n c e n t r a t i o n  
o f  1-10 ug p e r .1 u g ' a n t i b o d y ,  i n  f i n a l  d i l u t i o n .
(4) Other LHRH a n t i s e r a  p repa red  a g a i n s t  v a ry in g  s p e c i f i c  p o r t i o n s  o f
the  amino a c id  sequence o f  LHRH:
(a )  Arimura 710: 1 :250-1 :1000 (p repa red  a g a i n s t  th e  N-terr f i inus)
(b) Arimura 743: 1 :250-1 :1000 (p repa red  a g a i n s t  th e  C - te rm in u s )
.(5) A n t i s e r a  p repa red  a g a i n s t  o t h e r  p i t u i t a r y  g l y c o p r o t e i n
hormones o r  t h e i r  s u b u n i t s :
(a) Anti -cGTI! ( a lp h a  s u b u n i t ) ;  1 :1000-1:3000.
(b) Antiserum t c  th e  b e t a  s u b u n i t  o r  e n t i r e  m olecu le  o f  human
th y r o i d  s t i m u l a t i n g  hormone (TSii); 1 :*CGC~ ! :30GO.
Radioimmunoassay :
A n i m a l s  w e r e  d e c a p i t a t e d  a n d  b r a i n s  ( w i t h  o r  w i t h o u t  a t t a c h e d  
p i t u i t a r i e s )  w ere  d i s s e c t e d  o u t  o f  t h e  c ran ium .  I n d i v i d u a l  b r a i n s  were 
i m m e d i a t e l y  p l a c e d  i n t o  5 0 0 u l  o f  c o l d  1N a c e t i c  a c i d ,  homogenized  and 
c e n t r i f u g e d  a t  2900 RPM a t  4°C f o r  30 m in u te s .  The s u p e r n a t a n t  was f r o ze n  
i m m e d i a t e l y  and s t o r e d  a t  -56°C u n t i l  ready  f o r  a n a l y s i s .  The p i t u i t a r i e s  
o f  f i s h  i n  t h e  same c o n t r o l  g roup  were pooled  bu t  o th e rw is e  p ro ce ssed  in  
the  same way.
The RIA was performed a cc o rd in g  t o  th e  method o f  N e t t  e t  a l . ,  (1973) ,  
a s  m o d i f i e d  by A r a k i  e t  a l .  , (1 9 7 5 ) .  The LHRH a n t i s e r u m ,  s p e c i f i c  ba tch  
number H2, p rep a red  by Niswender a g a i n s t  th e  C- te rm inus  o f  the  d e c a p e p t id e  
shows no c r o s s - r e a c t i v i t y  w i th  a number o f  o t h e r  n e u r o p e p t id e s  and v a r i o u s  
LHRH a n a l o g u e s .  T w e n t y - f i v e ,  f i f t y ,  s e v e n t y - f i v e ,  and  one hundred u l  
a l i q u o t s  w e r e  a s s a y e d  ' t o  a r r i v e  a t  a d i l u t i o n  c u r v e  ( P l a t e  1)' . The 
a n t i s e r u m  were  u s ed  a t  a d i l u t i o n  o f  1 : 5 0 , 0 0 0 .  The s e n s i t i v i t y  o f  the  
a s s a y  was 5 p g /m l  and r e s u l t s  were c a l c u l a t e d  a s  pg/ral e x t r a c t  examined. 
The p a r a l l e l i s m  o b s e r v e d  between th e  LHRH r e f e r e n c e  s t a n d a r d  and th e  f i s h  
b r a i n  e x t r a c t s  ( P l a t e  1) j u s t i f i e s  th e  a p p l i c a t i o n  o f  t h i s  RIA p rocedu re  to  
p l a t y f i s h .  P l a t e  2 i s  t h e  a c t u a l  c u r v e  u s e d  t o  e v a l u a t e  t h e  e f f e c t  o f  
hypophysectomy on ir-LHRH l e v e l s .
Horphometric A n a ly se s :
( 1 ) . Volume Measurements o f  B ra in  N u c le i ;  NOR, NPP and NLT: The method
d e s c r i b e d  be low i s  m o d i f i c a t i o n  o f  the  one developed by Schwanzel-Fukuda 
a n d  a s s o c i a t e s  ( 1 9 8 1 ) .  The ■ b o u n d a r i e s  o f  t h e  NOR, NPP, and  NLT, a s  
o b s e r v e d  from Masson and N i s s l  s t a i n e d  m a t e r i a l ,  were drawn on to  graph 
p a p e r  , c o m p o s e d  o f  1mm s q u a r e s  u s i n g  a cam era  l u e i d a  ( L e i t z )  a t  a 
m a g n i f i c a t i o n  o f  950X. D raw in g s  were  made a t  i n t e r v a l s  o f  10 mi c rons  
(every  o t h e r  s a g i t t a l  s e c t i o n  i n  both hemispheres  o f  each bra.in n u c l e u s ) .
H)
The volume o f  e ac h  b r a i n  n u c l e u s  was then  o b ta in e d  by t a k i n g  the  average  
volume p e r  s e c t i o n  and m u l t i p l y i n g  i t .  by the  t o t a l  number o f  s e c t i o n s  in  
which t h a t  n u c leu s  ap p ea red .  The volume o f  the  n u c leu s  i n  each s e c t i o n  was 
d e t e r m i n e d  by m u l t i p l y i n g  the  a c t u a l  a r e a  o f  th e  n u c leu s  by the  t h i c k n e s s  
o f  th e  s e c t i o n  (5u) .
(2 )  Numb e r  o f  N eurons  i n  Each B r a i n  N u c l e u s i N i s s l  a n d / o r  Masson 
Triehrome s t a i n e d  s e c t i o n s  were used and th e  b o unda r ie s  o f  the  NOR, NPP and 
NLT were drawn on g r a p h  p a p e r  ( d e t a i l s  above) from every  second o r  t h i r d  
s e c t i o n  (1 0 - 1 5 u  i n t e r v a l s )  a t  950X m a g n i f i c a t i o n .  Counts were made on ly  
f o r  p e r i k a r y a  which co n ta in ed  a v i s i b l e  n u c l e u s .  Adjus tments  were made f o r  
d o u b l e  c o u n t i n g  by a p p l y i n g  t h e  A b e rc r o m b ie  c o r r e c t i o n  f a c t o r :  P = A 
(M/L+M), where P = average  number o f  n u c l e i  per s e c t i o n ,  A = number o f  c e l l  
n u c l e i ,  a c t u a l l y  c o u n t e d ,  M = t h i c k n e s s  o f  s e c t i o n  (5um), and L = average  
l e n g t h ’ o f  t h e  c e l l  n u c l e u s  ( i n  um) ’ (Abercrombie ,  1946).  To a r r i v e  a t  th e  
t o t a l  number o f  n e u r o n s  i n  e a c h  b r a i n  n u c l e u s ,  P was m u l t i p l i e d  by the  
t o t a l  number o f  s e c t i o n s  i n  which t h a t  bra in ,  nuc leus  ap p ea red .
(3 )  Number o f  G o n a d o t r o p s  i n  P i t u i t a r y : P i t u i t a r i e s  p r e p a r e d  f o r  
i m m u n o c y t o e h e m i s t r y  were  u sed  f o r  c o u n t i n g  t h e  number o f  g o n a d o t r o p s  
a cc o rd in g  to  th e  fo l lo w in g  p ro ced u res :
( a )  L a t e r a l  C a u d a l  P a r s  D i s t a l i s  (1CPD): N u c l e i  o f  t h e s e  
g o n a d t r o p s  were  c o u n t e d  w i t h  an o c u l a r  r e t i c u l e  (900um~) to  p rov ide  the  
number o f  gonad t rops  per u n i t  a r e a  a t  a m a g n i f i c a t i o n  o f  950X. One s e c t i o n  
from each s id e  o f  the  l a t e r a l  CPD, e q u i d i s t a n t  between the  m i d - s a g i t t a l  and 
th e  extreme l a t e r a l  p l a n e ,  was chosen f o r  each p i t u i t a r y .  Each s e c t i o n  was 
c a r e f u l l y  p o s i  t i o n e d  tinder the  n e t  r e t i c u l e s  so t h a t  the  same a r e a  o f  the  
1CPD was e v a lu a te d  in  a l l  p i t u i t a r i e s .  Counts were made f o r  on ly  t h o s e  i r~  
gonadotrops  where the  nuc leus  was v i s i b l e .
(b )  V e n t r a l  C au d a l  Pa rs  D i s t a l i s  (vCPD): A m id - - s a g i t t a l  s e c t i o n
'! i
was chosen and the  t o t a l  number o f  vC-PD i r - g o n a d o t r o p 3  in  t h a t  s e c t i o n  were 
c o u n te d .
( c )  P a r s  I n t e r m e d i a  ( P I ) :  A m i d - s a g i t t a l  s e c t i o n  was chosen and
th e  t o t a l  number o f  i r - c e l l s  were coun ted .
(A) Area o f  Neuronal N u c l e i : 1 Five to  10 neurons  were randomly s e l e c t e d
f o r  c a l c u l a t i n g  n u c l e a r  a r e a  u s in g  a l t e r n a t e  s e c t i o n s  from bo th  hemispheres
w hich  c o n t a i n e d  t h e  NOR, NPP o r  NLT. A t o t a l  o f  30-85 neurons  o f  each
re g io n  were chosen f o r  measurement i n  each b r a i n .  The formula  f o r  th e  a r e a
o f  an e l l i p s e  was used ,  a c c o r d in g  to  M o r i s h i t a  e t .  a l . , (197*1), s i n c e  each
TJn u c l e u s  was e s s e n t i a l l y  o v a l ;  a r e a  = ( ^  ) (ab)  where "a" r e p r e s e n t s  the  
g r e a t e s t  n u c l e a r  d i a m e t e r  a n d  " b "  t h e  g r e a t e s t  d i a m e t e r  t h a t  i s  
p e r p e n d ic u l a r  t o  "a" .
(5) C e l l u l a r  and N uc lea r  l 'nd ices  ( C . l .  and N . I . )  o f  Neurons :
(a) C e l l u l a r  Index :  a cc o rd in g  to  the  method o f  L e a th e r l a n d
( 1 9 7 0 ) .  5 - 1 0  p c r i k a r y a  were measured on a l t e r n a t e  s e c t i o n s  o f  each NOR,
NPP and NLT, w i th  an o c u l a r  micrometer a t  a m a g n i f i c a t i o n  o f  950X. A t o t a l
o f  30 t o  85 o f  each  t y p e  o f  n e u r o n  was m e a s u r e d  and t h e i r  d i m e n s i o n s
exp ressed  acco rd in g  to  th e  fo l lo w in g  formula :
C . l .  = maximum c e l l  l e n g th  + maximum c e l l  wid th
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(b) Nuclear Index:  The p rocedure  used in  5 (a )  d i s c u s s e d  above was 
a l s o  uaed t o  c a l c u l a t e  Nuclear  Index ( N . I . ) :
N . I .  = inaximum n u c le a r  l e n g th  + maximum n u c l e a r  w id th
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(6) C e l l u l a r  and Nuclear I n d ic e s  o f  Gonadotrops and Pars  In te rm ed ia  
Ce 11s.:
( a )  C e l l u l a r  I n d e x :  The method o f  L e a t h e r l a n d  (1970) used fo r  
c a l c u l a t i n g  vne cei  l u l a r  and n u c l e a r  in d i c e s  o f  psri 'o-.-ya d e s c r ib e d  above,
was s i m i l a r l y  a p p l i e d  to  ir-GTH c o n t a i n i n g  c a l l s .  One m i d - s a g i t t a l  s e c t i o n  
and  two l a t e r a l  s e c t i o n s ,  each e q u i d i s t a n t  from the  m i d - s a g i t t a l  s e c t i o n ,  
w ere  c h o se n  t o  d e t e r m i n e  t h e  d imens ions  o f  c e l l u l a r  and n u c l e a r  i n d i c e s .  
F ive  -  10 gonad o t ro p ic  c e l l s  and 5-10 PI c e l l s  were measured w i th  an o c u la r  
m i c r o m e t e r  a t  a m a g n i f i c a t i o n  o f  950X by p l a c i n g  the  micromete r  a long  the  
l o n g e s t  a x i s  o f  the  a r e a  c o n t a i n i n g  th e  c e l l s  o f  i n t e r e s t .  A t o t a l  o f  35- 
65 g o n ado t rop ic  a n d /o r  PI c e l l s  were measured per p i t u i t a r y  g la n d .  
S t a t i s t i c a l  A n a l y s i s ?
Means and s t a n d a r d  e r r o r s  were c a l c u l a t e d  fo r  each group o f  v a r i a b l e s .  
One way a n a l y s i s  o f  v a r i a n c e  (ANOVA) was used to  t e s t  d i f f e r e n c e s  among 
more t h a n  two g r o u p s  f rom  w hich  data ,  had been  o b t a i n e d .  I f  t h e r e  were 
s i g n i f i c a n t  d i f f e r e n c e s  among th e  group means as  i n d i c a t e d  by the  F t e s t ,  a 
f lewman-Kouls t e s t  (Z iv in  and B ar tko ,  1976) was performed to  f i n d  ou t  which 
p a i r ' s  o f  means were s i g n i f i c a n t l y  d i f f e r e n t .  In a d d i t i o n ,  th e  S t u d e n t ’s t  
t e s t  was a p p l i e d .  In  a l l  c a s e s ,  s i g n i f i c a n t  d i f f e r e n c e  between the  groups 
was s e l e c t e d  a t  l e s s  than  th e  5% l e v e l  (P ^ O .O S ) .  These methods were used 
i n  l i e u  o f  D u n c a n ' s  m u l t i p l e  r a n g e  a n a l y s i s  which  had y i e l d e d  s i m i l a r  
r e s u l t s  on e v a l u a t i o n  o f  s e l e c t e d  d a t a .
R e s u l t s
I* Ontogeny and Cytometry o f  LHRH C o n ta in ing  Regions in  the  Brain  
and P i t u i t a r y  ,
S i n c e  no s e x u a l  d i m o r p h i s m  w as  n o t e d  i n  t h e s e  s t u d i e s ,  t h e
d e s c r i p t i o n  which fo l l o w s  a p p l i e s  t o  bo th  male and female  f i s h  o f  e i t h e r
1 2  2 5e a r l y  (P P ) o r  l a t e  (P ? ) m a tu r ing  geno types  a t  a l l  s t a g e s  o r  ages  o f
d e v e l o p m e n t  i n d i c a t e d .  The a n a to m ica l  te rms used a r e  a c c o rd in g  t o  P e t e r
e t  a l . ,  ( 1 9 7 5 ) ,  Kim e t  a_l. ( 1979)  N ieuw enhuys  ( 1982) and Miinz e t  a l .
( 1 9 8 1 ) .  F i g u r e  1 i s  a d iagrammatic  r e p r e s e n t a t i o n  o f  a p l a t y f i s h  b r a i n
a n d  F i g u r e  2 d e p i c t s  w here  i m m u n o r e a e t i v e  ( i r - )  LHRH i s  found in  the
a d u l t  p l a t y f i s h  b r a i n  and p i t u i t a r y  g la n d .  The s p e c i f i c  s t a i n i n g  to  be
d e s c r i b e d  f o r  anti-LHRH o r  anti-GTH was a b s e n t  i n  a l l  s e c t i o n s  i n  which
a n t i s e ru m  had been p reabso rbed  w i t h - c o r r e s p o n d in g  a n t i g e n s .
(A) Adult  (S tage  6 )
(1) Nucleus O l f a c t o r e t i n a l i s  (NOR)
The n u c l e u s  o l f a c t o r e t i n a l i s  ,,'JOR) comprises  the  most a n t e r i o r
g r o u p  o f  LHRH c o n t a i n i n g  n e u r o n s .  I t  i s  l o c a t e d  in  each hemisphere  o f
t h e  b r a i n  in  the  r o s t r a l  bo rde r  o f  the  a r e a  v e n t r a l i s  p a r s  t e l e n c e p h a l i ,
c l o s e  t o  t h e  o l f a c t o r y  lobe  and a d j a c e n t  to  th e  f i s s u r a  c i r c u l a r i s .  The
n e u r o n s  o f  t h e  NOR a r e  f u s i f o r m  i n  s h a p e ,  g i v i n g  them a b i p o l a r 1
a p p e a r a n c e ;  t h e y  h ave  l i m i t e d  b a s o p h i l i a ,  l a r g e ,  o v a l  p a l e - s t a i n i n g
n u c l e i ’ and prominent  n u c l e o l i  ( f i g .  3 ) .  .
1 2In  e a r l y  m a t u r e r s  (P £  ) ,  t h e  r e l a t i v e  volume and i n d i c e s  o f  
c e l l u l a r  and n u c l e a r  s i z e  o f  t h e  NOR, reach  maximum v a lu e s  a t  20 weeks 
( s t a g e  6) and r e m a in  u n c h an g e d  th roughou t  the  c ou rse  o f  t h i s  s tudy (3Jt
2 5t h e s e  do n o t  ch an g e  w i t h  t im e  (compare 59 and 73 week o ld  P P f i s h  in
t a b l e s  5 and 6 ) ,  ( see  P l a t e s  7 - 9 ) .
1 2  2 5ICC: I n  b o t h  P P and  P P a d u l t s ,  p e r i k a r y a  c o n t a i n  l e s s
i n t e n s e  LHRH i m m u n o r e a c t i v i t y  t h a n  i s  p r e s e n t  i n  e a r l i e r  s t a g e s  o f
development (see  be low).  In a d d i t i o n ,  ir-LHRH c o n t a i n i n g  p r o c e s s e s  which
o r i g i n a t e  i n  t h e  NOR, p r o j e c t  i n  3 d i r e c t i o n s ;  r o s t r a l l y ,  a l o n g  th e
v e n t r a l  s u r f a c e  o f  th e  o l f a c t o r y  lobe  ( f i g .  4 ) ,  d o r s o c a u d a l ly  toward the
a n t e r i o r  commissure and p i n e a l  complex ( f i g .  4 ) ,  and v e n t r o c a u d a l l y  i n t o
t h e  o p t i c  t r a c t  and  a n t e r o v e n t r a l  p o r t i o n  o f  t h e  n u c l e u s  p r e o p t i c u s
p e r i v e n t r i c u l a r i s  (NPP) .  S t i l l  o t h e r  f i b e r s  co n t in u e  from th e  NOR in
a s s o c i a t i o n  w i th  p r o j e c t i o n s  from p e r i k a r y a  o f  the  NPP toward th e  n u c leu s
l a t e r a l i s  t u b e r i s  (NLT) and to  the  neurohypophys is  o f  th e  p i t u i t a r y ,  and
t o  th e  mesencephalon.
(2) A n te ro v e n t r a l  Nucleus Preontj .cus  P e r i v e n t r i c u l a r i s  (NPP).
A second p o p u la t i o n  o f  LHRH c o n t a i n i n g  n e u rons ,  l o c a l i z e d  in  the
a n t e r o v e n t r a l  p o r t i o n  o f  the  nuc leu s  p r e b p t i c u s  p e r i v e n t r i c u l a r i s  (NPP)
( a c c o r d i n g  t o  P e t e r  e t  a l . , 1975,  a l s o  c a l l e d  t h e  n u c leu s  p r e c p t i c u s
b a s a l i s  l a t e r a l i s  by Munz e t  a l . , 1981) form a b o rd e r  a long  th e  v e n t r a l
s u r f a c e  o f  t h e  r o s t r a l  d ienc .ephalon,  l a t e r a l  and v e n t r a l  to  t h e  nuc leus
1 2p r e o p t i c u s  (NPO). In  s e x u a l l y  mature P £  f i s h  t h e s e  p e r i k a r y a  a r e  q u i t e
b a s o p h i l i c ,  and c o n t a i n  an o v a l ,  p a l e  s t a i n i n g  n u c l e i  and prom inen t
1 2n u c l e o l i .  At 20 w eeks  o f  age  a s  P P f i s h  e n t e r  s t a g e  6 volume and
c e l l u l a r  and n u c l e a r  i n d i c e s  a r e  s i g n i f i c a n t l y  g r e a t e r  than th o s e  f o r
2 5 2P P' s i b s  a t  t h e  same age  b u t  who a r e  s t i l l  i n  s t a g e  1 (N.A.,  23.0um ,
P 1P2 ; 9 • 2u:n2 , P 'V-’ ( P - ' . 0 2 ) ;  C . I . ,  5 .5um ,  p ’p 2 ; 4.3um, P2P5 ( P f . 0 3 ) ;
1 P P *
N . I .  , 5, Bum, P_ P*- ; 3-5um, P‘'P‘> (P < . 0 4 ) ;  see P l a t e s  3-9 end t a b l e s  5 and 
7 ) .  When P“ P f i s h  reach  s l a g s  G, a t  59 weeks o f  age,  th e  no’-phomeir ic  
v a l u e s  f o r  t h e  N .A . ,  C.'i . and N . I .  o f  the  NPP i r c  then  s i  mi j n r  (p /  ,05')
t o  those  c>f e a r l y  -maturers  a t  t h a t  s t a g e  and age .
ICC: P e r i k a r y a  d i s p l a y  an i n t e n s e  immunoreactive re sp o n se  w i th
anti -LHRH ( f i g .  5) and  i r - p r o e e s s e s  em ana te  i n  d i s t i n c t  f a s i c l e s  t h a t
t r a v e l  v e n t r o c a u d a l l y  j u s t  d o r s a l  t o  th e  o p t i c  chiasm, and a t  th e  l e v e l
o f  t h e  h o r i z o n t a l  c o m m is su r e  (HC) c o u rse  v e n t r a l l y  towards  th e  l a t e r a l
and m e d i a l  p o r t i o n  o f  t h e  hypo tha lam us  and th e  NLT. Some f i b e r s  e n t e r
t h e  h y p o p h y s i a l  s t a l k  ( f i g .  6) and  end n e a r  g o n a d o t ro p ic  c e l l s ,  w h i le
o t h e r s  c o n t i n u e  a l o n g  w i t h  f i b e r s  o f  t h e  NOR to w a rd  t h e  v e n t r a l
mesencephalon where th e y  become d i f f i c u l t  to  t r a c e .
(3) Nucleus L a te r a l i s  Tu b e r i s  P a rs  P o s t e r i o r l s  (NLT)
The t h i r d  g r o u p  o f  LHRH c o n t a i n i n g  neurons  a r e  i n  t h e  n u c leu s
l a t e r a l i s  t u b e r i s  (NLT) which i s  l o c a t e d  i n  the  l a t e r a l  and l a t e r o v c n t r a l
1 2  2 5w a l l s  o f  t h e  h y p o t h a l a m u s .  The p e r i k a r y a  o f  P P and £  P f i s h  a r e
u n i p o l a r  and c o n t a i n  b a s o p h i l i c  c y t o p l a s m  t h a t  s u r r o u n d s  euchrom at ic
1 2n u c l e i  w i t h  p r o m i n e n t  n u c l e o l i  ( f i g .  ) .  In  ? P1- an im a ls  the  volume o f
t h e  NLT i s  s i m i l a r  (P < . 0 5 )  b u t  i t s  c e l l u l a r  and n u c l e a r  i n d i c e s  a r e
2 5s i g n i f i c a n t l y  g r e a t e r  (P <.0^1) than  P P an im a ls  a t  the  same s t a g e  (see
P l a t e s  3-9 and t a b l e  5 and 8 ) .
ICC: Ir-LHRH p e r i k a r y a  i n  th e  NLT o f  P^P^ f i s h  ( f i g .  7) appea r
a s  a c l u s t e r  s l i g h t l y  d o r s a l  and cauda l  to  th e  p o s t e r i o r  p i t u i t a r y  and
show p a l e r  im m unoreac t iv i ty  than  p e r i k a r y a  o f  th e  NOR and NPP a t  th e  same
1 2a n t i s e r u m  c o n c e n t r a t i o n .  In  a d u l t  P P f i s h  the number o f  i r - p c r i k a r y a
has  d e c r e a s e d ,  when compared to  s t a g e  2 ( to  be d i s c u s s e d ;  see  t a b l e  9 ) .
P r o c e s s e s  fo r m  a " n e t t e d "  p a t t e r n  a r o u n d  t h e s e  p e r i k a r y a ,  w i t h  no
2 5appa ren t  d i r e c t i o n .  No ir-LIIRH p e r i k a r y a  a r e  noted  in  P F  f i s h  a t  s t a g e  
6, a l though  j r -  f i b e r s  a r e  v i s ib le . .
( ;l) P i t u i t a r y :
The a d u l t  p i t u i t a r y  has  been p r e v i o u s l y  d e s c r i b e d  by Schreibman
(1964) .  In  a l l  s e x u a l l y  m a tu r e : p l a t y f i s h ,  th e  g o nado t rops  which form the
p e r ip h e ry  o f  th e  CPD, a r e  i r r e g u l a r  i n  shape ,  s t a i n  l i g h t  b lue  to  p u r p l e ,
and c o n ta i n  p a le  s t a i n i n g  i r r e g u l a r  shaped n u c l e i  and a s i n g l e  e c c e n t r i c ,
da rk  s t a i n i n g  n u c l e o l u s  ( f i g .  8 ) .
1 PIn  P P~ f i s h ,  t h e  c e l l  and n u c l e a r  i n d i c e s  a r e  s i m i l a r  (P=.05)
and t h e  t o t a l  number o f  i r - g o n a d o t r o p s  i n  t h e  vCPD a re  s i g n i f i c a n t l y
g r e a t e r  (P < . 0 3 )  t h a n  t h o s e  o f  l a t e - m a t u r i n g  s i b s  ( P l a t e s  10-12 and 
t a b l e s  9 , 1 0 ) .
ICC: Both  ir-LHRH ( f i g .  8)  and  GTH can be seen  w i t h i n  a l l  CPD
g o n a d o t r o p s  b u t  a t  h i g h e r  m a g n i f i c a t i o n s ,  on ly  ir-LHRH, and no t  GTH, i s
v i s i b l e  between g o n ad o t ro p s .  In  both  e a r l y  and l a t e  m a t u r e r s ,  GTH always
s t a i n s  more i n t e n s e l y  than  LHRH in  th e  p i t u i t a r y .
t  . . .  •
(b) Pars  In te rm e d ia  ( P I ) :
I n  t h e  P I ,  c e l l s  t h a t  c o n t a i n  ir-LHRH and ir-GTH a r e  round to
oval and t h e i r  b a s o p h i l i c  cytoplasm su r ro u n d s  a round to  o v a l - sh ap e d  pa le
s t a i n i n g  n u c l e u s  and a  c e n t r a l l y  p laced  dark  s t a i n i n g  n u c l e o l u s .  These
c e l l s  a r e  a l s o  p e r i o d i c  a c i d  S c h i f f  p o s i t i v e  (PAS+) (S c h r e ib m a n  and
M a r g o l i s - K a z a n ,  1979). No s i g n i f i c a n t  d i f f e r e n c e s  ( P < . 0 5 )  a r e  no ted  in
1 2  2 5t h e  c e l l u l a r  and n u c l e a r  i n d i c e s  o f  t h e s e  c e l l s  i n  JP P and P £  f i s h  a t  
s t a g e  6 ( P l a t e  13 and t a b l e  11).
ICC: The t o t a l  number o f  c e l l s '  c o n t a i n i n g  ir-LHRH and ir-GTH in 
the  PI a r e  s i m i l a r  (P = .05) in  P,^P^ and P^P"* f i s h  ( P l a t e  10 and 
t a b l e  9 ) .
(B) One V’eek Old Kish:
(1) NOR:
P e r i k a r y a  o f  t h i s  r e g i o n  a r e  b i p o l a r  in  aoocarane*  and have a
1 "f
t h i n  r im  o f  b a s o p h i l i c ,  an  o v a l ,  e u c h r o m a t i e  n u c l e u s ,  and a c e n t r a l  
p r o m i n e n t  n u c l e o l u s  ( f i g .  9 ) .  S e v e r a l  p r o c e s s e s  e m an a te  i n  a l l  
d i r e c t i o n s  from t h e  c e l l  b o d i e s .  Ho s i g n i f i c a n t  d i f f e r e n c e s  ( P > . 0 5 )  
were  o b s e r v e d  b e tw ee n  e a r l y  and  l a t e  m a tu r ing  geno types  f o r  any o f  the  
morphometr ie  p a ram ete rs  examined ( P l a t e s  3-9 and t a b l e s  5, 6 ) .
ICC: Ir-LHRH was n o t  o b s e r v e d  in  p e r i k a r y a  o r  axons in  e i t h e r  
genotype  a t  1 week o f  ag e .
(2) NPP:
The NPP c o n s i s t s  o f  p e r i k a r y a  s e p a r a t e d  by a sm al l  amount o f  
n e u r o p i l .  T h e se  n e u r o n s  a r e  amorphic t o  ovoid i n  shape and have a t h i n  
rim o f  f u e h s i n o p h i l i e  cy top lasm t h a t  su r ro u n d s  a d e n se ly  s t a i n e d  n u c l e u s .  
A s i n g l e  n u c l e o l u s  can  be s e e n  i n  on ly  some c e l l s .  The p r o c e s s e s  from 
t h e s e  p e r i k a r y a  could  n o t  be t r a c e d .  No s i g n i f i c a n t  d i f f e r e n c e s  ( P > . 0 5 )  
b e tw ee n  e a r l y  and l a t e r  m a tu re r s  were observed  f o r  any o f  the  c y to m e t r i c  
pa ram ete rs  i n  the  NPP a t  t h i s  age ( sec  P l a t e s  3-9 t a b l e s  5, 7 ) .
ICC: No i r - m a t e r i a l  i s  seen i n  p e r i k a r y a  o r  axons o f  the  NPP a t  
one week o f  age.
(3) NLTp:
N eurons  o f  t h e  NLT ap p ea r  i r r e g u l a r  in  shape in  week o ld  f i s h .  
With  M a s s o n ' s  s t a i n  t h e  p e r i k a r y a  c o n t a i n  a t h i n  r im  o f  r e d  to  p ick  
cytoplasm which e n c lo s e s  a den se ly  s t a i n e d  nu c leu s  and no n u c l e o l i  can be 
d i s t i n g u i s h e d .  A s m a l l  amount o f  n e u r o p i l  s e p a r a t e s  t h e s e  neurons  from
t h e  r e s t  o f  t h e  NLT and a x o n a l  p r o j e c t i o n s  a r e  no t  seen a t  t h i s  s t a g e .
1 2  2 ^M o r p h o m e t r i e  v a l u e s  a r e  c o m p a r a b l e  f o r  C . l .  and N . I .  i n  P P and P ' P -'  
s i b s  ( P > . 0 ‘5) ( sec  P l a t e s  3-9 and t a b l e s  5 , 8 ) .
ICC; Ho 1 r - m a t c r i a )  i s  ohserved  in  p e r ik a r y a  o r  axons In  eUhe*-1 
genotype a t  one week o f  age.
( ^ ) P i t u i t a r y  Gland:
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a )  CPD: The p i t u i t a r y  o f  one  vreek o l d  f i s h ,  r e g a r d l e s s  o f  
g e n o t y p e ,  i s  a f l a t t e n e d  e l l i p s o i d - s h a p e d  s t r u c t u r e  c l o s e l y  a t t a c h e d  to
t h e  f l o o r  o f  t h e  d ' i e n c e p h a l o n  by a t h i n - w a l l e d  s t a l k .  A m i d - s a g i t t a l
<
s e c t i o n  shows th e  hypophysis  to  be composed o f  equa l  a r e a s  o f  adeno- and 
neurohypophys ia l  t i s s u e  ( see  Schreibman,  196A).
The vCPD d e s t i n e d  t o  become t h e  GTH z o n e ,  c o n s i s t s  o f  a few 
c h r o m o p h o b i c  c e l l s  w i t h  a m o r p h i c - s h a p e d ,  d e n s e l y  s t a i n e d  n u c l e i .  
N u c le o l i  a r e  not e v i d e n t .  C e l l u l a r  and n u c l e a r  i n d i c e s  a r e  comparable (P 
.05) in  P1P2 and P2P5 f i s h  ( P l a t e  12 and t a b l e  10) .
ICC o f  t h e  vCPD: Ir-LHRH and ir -GTH a r e  p r e s e n t  i n  l i m i t e d
am oun ts  i n  t h e  c y t o p l a s m  o f  t h e  few; s c a t t e r e d  c e l l s  o f  th e  vCPD ( f i g .
10) .
S e c t i o n s  t h r o u g h  t h e  l a t e r a l  CPD (1CPD) o f  th e  GTH zone show a 
d i f f e r e n t  c y t c l o g i c a l  p r o f i l e  than  th o se  th rough  th e  vCPD. A n i l in  b lue
c e l l s  form c l u s t e r s  on each s i d e  o f  the  CPD. T h e i r  number, c e l l u l a r  and
n u c l e a r  i n d i c e s  do n o t  v a r y  s i g n i f i c a n t l y  ( P ^ . 0 5 )  between genotypes  
( P l a t e  11 and t a b l e  10) .
ICC o f  t h e  1CPD: Both  ir-LHRH and i r -GTH ( f i g .  10,  11) a r e  
p r e s e n t  in  t h e s e  c e l l s .
b )  P I :  The ir -GTH p o s i t i v e  c e l l s  i n  t h e  P I  a r e  a r r a n g e d  i n  
c l u s t e r s  and c o n t a i n  ro und  t o  o v a l  p a l e  s t a i n i n g  n u c l e i  and s i n g l e  
n u c l e o l i .
ICC: These  c e l l s  show more i n t e n s e  im m unoreac t iv i ty  with  both 
anti-cGTH ( f i g . 1 1 )  and anti-LHRH.
19
(C) S t age 1 to  S tage  2 :
(1) NOR;
a) Five weeks: ,
1 2At 5 weeks  o f  a g e  ( s t a g e  1) t h e  p e r i k a r y a  o f  P P f i s h  a r e
b i p o l a r  i n  shape and c o n t a i n  p a l e  s t a i n i n g  n u c l e i  and s i n g l e  n u c l e o l i  and
b a s o p h i l i a  t h a t  i s  more p ronounced  than  i s  seen a t  one week ( f i g .  12).
? 5P e r i k a r y a  o f  P 'P f i s h  a r e  f u s i f o r m  i n  sh ap e ,  l i g h t l y  b a s o p h i l i c ,  and
h a v e  a e u c h r o m a t i c  n u c l e u s  and a c e n t r a l l y  p l a c e d  n u c l e o l u s .  A l l
1 2m o r p h o m e t r i e  v a l u e s  a r e  s i g n f i c a n t l y  g r e a t e r  ( P < . 0 5 )  i n  P_ P f i s h  than  
i n  P 2P5 ( s e e  t a b l e s  5 , 6 ;  N .A . ;  P 1P2 , lH . lum 2 ; P2P5 , 11.1um2 ( P < . 0 3 ) ;  
C . I . ;  P 1P2 , 5 .3um; P2P5 , ll .5um ( P < . 0 4 ) ;  N . I . ;  P 1P2 , 4.5um; P2P5 , 4.0um 
( P < . 0 5 ) .
ICC: a )  5 w eeks  ir-LHRH i s  p r e s e n t  i n  a l l  p e r i k a r y a  o f  the  NOR 
o f  e a r l y  m a t u r e r s  ( f i g .  12) as  w e l l  as  in  t h e i r  p r o c e s s e s  which p r o j e c t  
c a u d a l ly  towards the  v e n t r a l  d i e n ce p h a lo n .  The NOR o f  l a t e  m a tu re r s  does 
not- c o n ta in  ir-LHRH in  p e r i k a r y a  or  f i b e r s  a t  t h i s  age .
b) 11 - 2 5  w e ek s :  At 11 w e e k s ,  t h e r e  a r e  l a r g e r  i n c r e a s e s  in
1 2n u c l e a r  a r e a  and c e l l u l a r  and n u c l e a r  i n d i c e s ,  i n  th e  NOR o f  both  P P
2 5a n i m a l s  ( e n t e r i n g  p u b e r ty )  and t h e i r  P P s i b s  ( s t i l l  in  s t a g e  1) (Table
2 56 ) .  From 11 to  25 weeks th e  p e r i k a r y a  in  th e  NOR of' _P 'P_ an im a ls  show an 
i n c r e a s e  i n  b a s o p h i l i a ,  and  c o n t a i n  l a r g e r ,  p a l e  n u c l e i  and  s i n g l e  
n u c l e o l i .  I n  a d d i t i o n ,  a l l  c y to m e t r i c  v a lu e s  have in c r e a s e d  ( P l a t e s  3, 
7-9 and t a b l e s  5 , 6 ) ,
2 5ICC: At 11 weeks  i n  P P f i s h ,  i r - m a t e r i a l  i s  p r e s e n t  i n  NOR. 
p e r i k a r y a  and p a thw ays  o f  axons a r e  e a s i l y  t r a c e d  because  o f  t h e i r  more 
pronounced i r - r c s p o n s e .  At 18 weeks , however,  t h e r e  I s  a marked i n c r e a s e
in  the amount o f  i r - i i i a t e r l a l  which i s  g r e a t e s t  a l  25 weeks.
(2) NPP:
1 2P P f i s h  c o n t a i n  NPP p e r i k a r y a  t h a t  a r e  o v o id ,  have l i g h t l y
2 5b a s o p h i l i c ,  and euchrom at ic  n u c l e i  w i th  c e n t r a l l y  p laced  n u c l e o l i .  P P 
s i b s  h ave  p e r i k a r y a  w i th  l e s s  b a s o p h i l i c  cy top la sm ,  more d e n se ly  s t a i n e d
i
n u c l e i  and  no p r o m i n e n t  n u c l e o l i .  At f i v e  w eeks  o f  a g e ,  c y t o m e t r i c
1 2 *m e a s u r e m e n t s  f o r  P P ( s t a g e  1) f i s h  h ave  i n c r e a s e d  s i g n i f i c a n t l y
2 5 2compared  t o  t h e i r  s t a g e  1 ( a l s o  5 week o ld )  P P s i b s  (N.A.,  3.8um ,
P 1P2 ; 7.2ura2 , P2P5 ( P < . 0 4 ) ;  C . l .  H.1um, P 1P2 ; 3 .6um, P2P5 ( P < . 0 5 ) ;
N . I . ,  3.6um, P1P2 ; 3o?um, P2P5 (P < . 0 5 ) ;  see  P l a t e s  3-9 and t a b l e s  5 , 7 ) .  
1 2I n  P £  f i s h ,  t h e r e  i s  a c o n s i s t e n t ,  m arkeo  i n c r e a s e  i n
2 5c y t o m e t r i c  v a l u e s  from b i r t h  up t o  11 weeks o f  age ( s t a g e  2 ) .  In  £  IP' 
s i b s  t h e r e  i s  a more g r a d u a l  i n c r e a s e  from b i r t h  up to  26 weeks o f  age 
which  c o i n c i d e s  w i t h  t h e i r  r e a c h i n g  s t a g e  2 (see  P l a t e s  3-9 and t a b l e s  
5 , 7 ) .
IC C : 'N o  i r "~ pe r ika rya  a r e  p r e s e n t  in  e i t h e r  genotype in  s t a g e  1.
1 2I r - f i b c r s  a r e  p r e s e n t  i n  t h e  NPP o f  P P f i s h  a t  5 weeks, bu t  they  do no t  
2 5apppear i n  P/P) an im a ls  u n t i l  11 weeks o f  age .
(3) NLT
1 2At 5 weeks o f  a g e ,  NLT p e r i k a r y a  o f  Masson s t a i n e d  £  P f i s h
c o n t a i n  a t h i n  rim o f  p ink  cy top lasm ,  n u c l e i  t h a t  appea r  l e s s  den se ,  and
2 5v i s i b l e  n u c l e o l i .  P P f i s h  c o n t a i n  NLT c e l l  bod ie s  which d i f fe r -  from
2P^P s i b s  i n  t h a t  t h e  c y t o p l a s m  i s  more f u c h s i n o p h i l i c , th e  n u c l e i  a r e  
more d e n se  and n u c l e o l i  a r e  n o t  v i s i b l e .  All  c y to m e t r i c  p a ram e te r s  in
■i 2 5
P P^ and P 'P  s i b s  i n c r e a s e  between 1 and 5 weeks o f  age .  However, a t  
s t a g e  1 , c y t o m e t r i c  v a l u e s  f o r  e a r l y  m a tu re r s  a re  s i g n i f i c a n t l y  l a r g e r  
t h a n  t h o s e  f o r  l a t e  m a t u r i n g  s i b s  ( N . A . ,  6 .  3um2 , P*P2 ; 5 . 2um2 , P2P^ 
(P <  .0*1) ; C . l .  ; 3« ^um, P 1P2 ? 2 . 9  urn . p 2 (p<\0 f>) ;  N . I . .  3-Ou.n, P 1P2 ; 
2.2um, P ' l ‘J (P < .0 5 ) ;  see  P l a t e s  3-9 and t a b l e s  5 , 3 ) .
ICC: No i r -  pcr i i 'u ry :>  a re  p r e s e n t  in  e:i t h v r  gonolyoe,  However,
i r - m a t e r i a l  i s  seen  i n  a l i m i t e d  number o f  f i b e r s  in  the  NLT o f  on ly  P P 
f i s h ,  but no t  P^P f i s h .
( A) P i t u i t a r y ;  CPD and PI ,•
a )  5 weeks;
. 1 2  2 5 The d e v e l o p m e n t a l  p i c t u r e  o f  t h e  h y p o p h y s i s  o f  P P and £  P
f i s h  i n  s t a g e  1 i s  s i m i l a r  t o  t h a t  seen a t  one week o f  age e x ce p t  t h a t
t h e  p i t u i t a r y  g land  i s  l a r g e r ,  and th e  neu rohypophys ia l  t i s s u e  has  begun
to  ex tend  i n t o  the  adenohypophys is .
1 2When v iew ed  i n  c r o s s  s e c t i o n ,  the .  p i t u i t a r y  gland  o f  bo th  P P '
2 5and P "P" f i s h ,  c o n t a i n s  a c l u s t e r  o f  a n i l i n  b lue  p o s i t i v e  c e l l s  i n  each
o f  t h e  two e x t r e m e  l a t e r a l  r e g i o n s  o f  t h e  g l a n d .  A long t h e  v e n t r a l
b o r d e r ,  a s i n g l e  l a y e r  o f  e h ro m o p h o b ic  c e l l s  e x t e n d s  b e tw e e n  t h e s e
c l u s t e r s .  In P fP ' f i s h ,  th e  c e l l u l a r  and n u c l e a r  i n d i c e s  o f  the  1CPD and
2 5vCPD a re  a l l  s i g n i f i c a n t l y  g r e a t e r  (P <( .05 )  than  th o s e  o f  t h e i r  P £  s i b s  
(see  P l a t e s  11,12 and t a b l e  10).
At s t a g e  "i , t h e  PAS+ c e l l s  o f  the  PI appea r  s i m i l a r .  The C . I . ,  
N . I .  and number o f  i r -GTH and ir-LHRH c o n t a i n i n g  c e l l s  have i n c r e a s e d  
s i m i l a r l y  (P = . 0 5 )  i n  both e a r l y  and l a t e  m a tu re r s  ( P l a t e  13 and t a b l e
1 1 ).
1 2ICC o f  t h e  CPD; I n  P P f i s h ,  t h e  number o f  i r - c e l l s  i n  both
2 5t h e  1CPD and vCPD a r e  g r e a t e r  than  in  P"P* s i b s  (Table  9 ) .  In  a d d i t i o n ,  
in  both genotypes  t h e  c e l l s . o f  the  1CPD a re  more i n t e n s e l y  immunoreactive  
than  th o s e  in  the  vCPD.
ICC o f  t h e  PI? The number o f  ir-GTH and LHRH c o n t a i n i n g  c e l l s  
have i n c r e a s e d  s i m i l a r l y  i n  both genotypes  (see  P l a t e  10).
b) 11-25 weeks
J- n f i s h -  hi c r - y p o p h y s i s  h a s  u n d e r g o  r e  d r a m a  t i e
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d e v e l o p m e n t a l  c h a n g e s  between th e  t ime o f  s t a g e  1 (5 weeks o f  a g e ) ,  and 
th e  o n s e t  o f  s t a g e  2 (10-11 weeks o f  a g e ) .  The 1CPD and vCPD now c o n s i s t  
o f  a t h i n  l a y e r  o f  b a s o p h i l s  which have g r e a t l y  i n c r e a s e d  i n  number (5-6  
f o l d )  ( P l a t e  10 and t a b l e  9 ) ,  c o n t a i n  ova l  to  i r r e g u l a r l y  shaped n u c l e i  
and s i n g l e  n u c l e o l i .  There  i s  an i n c r e a s e  i n  t h e  c e l l u l a r  index  o f  the  
1CPD and vCPD. The n u c l e a r  in dex  o f  th e  1CPD gonado t rops  a r e  s i m i l a r  a t  
5 ,  10 a n d  11 w e e k s ,  b u t  t h e  vCPD n u c l e a r  i n d e x  h a s  i n c r e a s e d
s i g n i f i c a n t l y  ( P < . 0 5 )  ( see  P l a t e s  11, 12 and t a b l e  10).
p C
In  P P f i s h  from s t a g e  1 (5 weeks o f  age) to  th e  o n s e t  o f  s t a g e
2 ( 2 5 - 2 6  w e e k s ) ,  t h e  h y p o p h y s i s  c o n t a i n s  s i g n i f i c a n t l y  (P^ .02)  fewer
1 2c e l l s  in  the  1CPD and vCPD when compared to  P P . Some c e l l s  i n  th e  1CPD 
a re  b a s o p h i l i c  and th o s e  i n  th e  vCPD a r e  ehroinophobie.  The n u c l e i  o f  the
c e l l s  i n  b o t h  r e g i o n s  a p p e a r  l e s s  d e n s e  and  some n u c l e o l i  can  be
» *
d i s c e r n e d .  T h e re  a r e  i n c r e a s e s  i n  the  c e l l u l a r  and n u c l e a r  i n d i c e s  o f
t h e  1C-PD arid vCPD o f  P“ PJ' f i s h  from 5 t o  26 weeks  ( P l a t e s  11, 12 and 
t a b l e  10) .
The number  o f  c e l l s  i n  t h e  PI and t h e i r  c e l l u l a r  and n u c l e a r
i n d i c e s  a r e  s i m i l a r  i n  bo th  genotypes  ( P l a t e  13 and t a b l e  11).
1 2ICC: In  P P f i s h ,  an i n c r e a s e  ( P < . 0 3 )  i n  t h e  number ir-GTH 
c o n t a i n i n g  c e l l s  i n  t h e  1CPD and vCPD i s  no ted  between 5 and. 11 weeks 
( t a b l e  9) and ir-GTH s t a i n i n g  i s  s i g n i f i c a n t l y  more i n t e n s e  than  t h a t  o f  
ir-LHRH.
p c
In P'T f i s h ,  a s  in  e a r l y  m a tu r e r s ,  ir-GTH s t a i n s  more i n t e n s e l y
than  ir-LHRH in  the  1CPD and vCPD c e l l s .
The i r - c e l i s  o f  the  PI o f  both _p/'p2 and p2p5 f i s h  havc in c re a s o d
(D) Starve 2 t o  S tage  6 :
(1) NOR;
1 2At s t a g e  2 ,  p e r i k a r y a  o f  P P ~ f i s h  a r e  b a s o p h i l i c ,  c o n ta i n  p a le
n u c l e i  and a more p r o m i n e n t  n u c l e o l i .  N u c l e a r  a r e a  and c e l l u l a r  and
2n u c l e a r  i n d i c e s  i n  s t a g e  2 e a r l y  m a tu re r s  (N.A.,  1 7 .Sum ; C . I . ,  6.3um; 
N . I . ,  5 .2um) have  i n c r e a s e d  s i n c e  s t a g e  1. The NOR volume i s  a l s o  
s i g n i f i c a n t l y  g r e a t e r  ( P < . 0 5 )  than  i n  s t a g e  1 ( see  f i g s .  3-9 and t a b l e s  
5,  6 ) .
2 5The c y t o m e t r i c  d i m e n s i o n s  f o r  t h e  NCR o f  s t a g e  2 _P P f i s h  
P(M .A . ,  22 .1um~;  C . I . ,  6 .8um; N . I . ,  5 .5um) a r e  s i g n i f i c a n t l y  g r e a t e r
1 2(P < . 0 4 )  t h a n  t h o s e  o f  P P s i b s  a t  th e  same s t a g e .  The volume i s  a l s o  
s i g n i f i c a n t l y  g r e a t e r  ( see  f i g s .  3-9 and t a b l e s  5 5 6 ) .
ICC: At s t a g e  t h e  amount o f  ir-LHRH c o n ta in e d  i n  p e r i k a r y a  ( f i g .  
13) and  f i b e r s  has  i n c r e a s e d  in  both genotypes  and pathways o f  p ro c e s s e s  
from the  NOR can now be e a s i l y  fo l lowed .
(2) NPP
1 2In  P P f i s h ,  t h e  NPP now c o n t a i n s  b i p o l a r ,  more b a s o p h i l i c
p e r i k a r y a  w i t h  p a l e  s t a i n i n g  n u c l e i  and  c e n t r a l l y  p l a c e d .  A l l
m easurem ent 's  have  i n c r e a s e d  ( P < . 0 5 )  above  t h o s e  observed  a t  s t a g e  1
( f i g s .  3 -6  and t a b l e  5,  7 ) .  S i g n i f i c a n t  d i f f e r e n c e s  (F < . 0 5 )  in  a l l
1 2  2 5c y t o m e t r i c  p a r a m e t e r s  a r e  found  b e tw e e n  P P and P P f i s h  i n  s t a g e  2 
( f i g s .  3-9 and t a b l e s  5,  7 ) .
ICC: Both g e n o t y p e s  c o n t a i n  ir-LHRH p o s i t i v e  p e r i k a r y a ,  whose 
p r o c e s s e s  b e g i n  t o  fo rm a f a s i c l e  ( f i g .  14) t h a t  ex tend  to  more cauda l
r e g i o n s  o f  t h e  d i e n c e p h a l o n .  A g r e a t e r  number  (P < . 0 3 )  o f  NPP i r -
• 2 5 5f i r i k a r y n  and f i b e r s  a rc  noted  in  P1P f i s h  as  compared to  p P' an im als
from s t a g e  2 t o  6 ( P l a t o  10 and t a b i c  9 ) .
(3) NLT
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1 2P P" f i s h  c o n t a i n  NLT p e r i k a r y a . w i t h  euchroraatic  n u c l e i ,  s i n g l e
n u c l e i  and l i g h t l y  s t a i n e d  b a s o p h i l i a  s i t u a t e d  mainly  towards  one p o le .  
2 5The NLT o f  P JP f i s h  c o n t a i n s  p e r ik a r y a  w i th  l i g h t l y  b a s o p h i l i c  cy toplasm
i
which  s u r r o u n d s  a d e n s e r  n u c l e u s  w i t h  a p a l e  n u c l e o l u s .  S i g n f i c a n t
^ 2  2 ^d i f f e r e n c e s  (P/.CHO a r e  seen in  a l l  c y to m e t r i c  v a lu e s  when P P and P P5
f i s h  o f  the  same s t a g e  a r e  compared (see  f i g s .  3-9 and t a b l e  5, 8 ) .
• 1 2ICC: P e r ik a ry a  and p r o c e s s e s  i n  th e  NLT o f  P P f i s h  c o n ta i n  im­
m a t e r i a l  ( f i g .  15) and  f i b e r s  fo rm a ne tw ork  in  p ro x im i ty  to  th e  c e l l  
2 5b o d i e s .  I n  P P f i s h  i r -LH R H  a c c u m u l a t e s  o n l y  i n  f i b e r s  b u t  n o t  
p e r ik a r y a  o f  th e  NLT.
( Jl) P i t u i t a r y  
a )  CPD
1 2I n  s t a g e  2,  P P '  f i s h ,  t h e  g o n a d o t r o p i c  zone c o n s i s t s  o f  2-3
l a y s  o f  g r a n u l a r  c e l l s ,  w i th  p a le  n u c l e i ,  s i n g l e  prominent red  n u c l e o l i
and  c y t o p l a s m  which  i s  i n t e n s e l y  s t a i n e d  w i th  a n i l i n  b l u e  (M asson 's
2 5t r i c h r o m e ) .  The g o n a d o t ro p s  o f  s t a g e  2, P 'P  f i s h  c o n ta i n  a narrow rim
o f  c y t o p l a s m  which  s t a i n s  p a l e  w i t h  a n i l i n  b l u e ,  a d e n s e l y  s t a i n e d
n u c l e u s  and  a p a l e  n u c l e o l u s .  R e s u l t s  f o r  a l l  c y t o m e t r i c  pa ram e te r s  
2 5measured i n  P P f i s h  a r e  s i g n f i c a n t l y  ( P < . 0 5 )  lower th a n  t h o s e  observed  
in  e a r l y  m a tu re r s  ( P l a t e s  11, 12 and t a b l e  10).
1 2ICC: The number o f  ir-LHRH and ir-GTH gonado t rops  in  P P f i s h
have  a l r e a d y  i n c r e a s e d  s i g n i f i c a n t l y  ( P < . 0 2 )  a t  the  o n s e t  o f  s t a g e  2
( s e e  P l a t e  iO and t a b l e  9 ) .  T h i s  number o f  i r - c e l l s  i s  s i g n i f i c a n t l y
2 5g r e a t e r . ( P  <. .02) t h a n  i s  s e e n  i n  P P a n i m a l s  a t  a comparable  s t a g e .  
T h i s  s i g n i f i c a n t  d i f f e r e n c e  be tw een  e a r l y  and l a t e  m a tu re r s  c o n t in u e s
c o n t a i n  b a s o p h i l i c  c y t o p l a s m ,  p a l e  b l u e  n u c l e i  and  p r o m i n e n t  r e d
1 2n u c l e o l i .  T he re  a r e  no a p p a r e n t  d i f f e r e n c e s  ( P > . 0 5 )  betv;een _P P ' and
o  r
P P_J f i s h  i n  a l l  c y t o m e t r i c  v a l u e s ,  from s t a g e  2 to  s t a g e  6 ( a d u l th o o d )
i
( P l a t e  13 and t a b l e  11).
ICC: T h e re  i s  l i t t l e  d i f f e r e n c e  (P = .05) between genotypes  in  
th e  number o f  ir-GTH and ir-LHRH PI c e l l s  (Table  9 ) .
I I . The E f f e c t  o f  Hypop’nysectomy (H) on t h e Bra in  o f  S e x u a l ly  Mature
P l a t y f i s h
A. H f o r  one week:
(1) NOR
In  t h e  NOR o f  f i s h  hypophysectomized f o r  one ’week, N i s s l  s t a i n e d  
s e c t i o n s  d e p i c t  p e r i k a r y a  w hich  c o n t a i n  l i g h t  b a s o p h i l i a  su r ro u n d in g  
e u c h r o m a t i c  n u c l e i  and prominent n u c l e o l i .  Values f o r  a l l  morphometr ie  
p a ram ete rs  measured in  th e  NOR o f  H and sham-operated  an im a ls  a r e  s i m i l a r  
(P >  .05; P l a t e  14 and t a b l e  12).
ICC: T h e re  i s  l i t t l e  change in  c o n te n t  p e r ik a r y a  and p r o c e s s e s  
i n  f i s h  I! f o r  one week.
(2) NPP
P e r i k a r y a  i n  the  NPP c o n ta i n  a deeper  b a s o p h i l i a  t h a t  su r ro u n d s  
a p a l e  n u c l e u s  a n d  a s i n g l e  n u c l e o l u s .  C e l l u l a r  i n d i c e s  a r e  
s i g n i f i c a n t l y  decreased  ( P < . 0 5 )  II f i s h  as  compared to  sham-opera ted  ones 
( s e e ' P l a t e  14 and t a b l e  12).
A t o t a l  d e p l e t i o n  o f  ir-LHRH i s  s e e n  in  p e r ik a r y a  but no t  in 
p r o c e s s e s  o f  t h i s  b r a i n  r e g i o n  when f i s h  a r e  hypophysec tom ized  f o r  1 
week.
(3) NLT
N eurons  a p p e a r  1 i y p c r  t  r  o p h _i o d a \ i d o o * ■ t  a ■" f i i ■ *■> .■> * * * ^  ^  y ■> ^
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b l u e  b a s o p h i l i a ,  v e r y  p a l e  n u c l e i  and more prominent c e n t r a l l y  p laced  
n u c l e o l i .  The c e l l u l a r  and n u c l e a r  . in d ice s  o f  H f i s h  a re  s i g n i f i c a n t l y  
g r e a t e r  (P <  .05) than  observed  f o r  sham-opera ted  f i s h  (see  P l a t e  and 
t a b l e  12) .
ICC: I r - m a t e r i a l  h a s  d i s a p p e a r e d  i n  p e r i k a r y a  o f  the  NLT and 
on ly  a few i r - f i b e r s  a re  now seen .
B. H for1 t h r e e  weeks:
(1) NOR
F u s i f o r m - s h a p e d  i n t e n s e l y  b a s o p h i l i c  p e r i k a r y a  s u r r o u n d  
euchrom at ic  n u c l e i  and prominent n u c l e o l i .  S i g n i f i c a n t  i n c r e a s e s  (P<
.05) i n  c e l l u l a r  measurements a r e  seen  when 3 week H f i s h  a r e  compared to
1 week H and sham-operated  groups (see  P l a t e  14 and t a b l e  12 ) .
ICC: The amount o f  ir-LHRH has s l i g h t l y  in c r e a s e d  i n  p e r i k a r y a  
and f i b e r s  o f  the  NOR.
(2) NPP
C e l l s  a re  ova l  w i th  b lue  t o  deep p u rp le  p e r i k a r y a  which su r round  
e u c h r o m a t i c  n u c l e i  and p r o m i n e n t  n u c l e o l i .  The c e l l u l a r  and n u c l e a r  
i n d i c e s  f o r  t h e  NPP a r e  s i g n i f i c a n t l y  in c r e a s e d  ( P < . 0 5 )  when 3 week H
f i s h  a r e  compared t o  f i s h  H f o r  1 week ( P l a t e  14 and t a b l e  12) .
ICC: A l th o u g h  i r - m a t e r i a l  i s  v i s i b l e  i n  a few p r o c e s s e s  o f  3 
week H f i s h ,  no i r - p e r i k a r y a  a r e  seen  in  the  NPP.
(3) NLT
I r r e g u l a r  s h a p e d  p e r i k a r y a  c o n t a i n  deep  b lue  b a s o p h i l i a  t h a t  
s u r r o u n d s  a v e r y  p a l e  n u c l e u s  w i th  a n u c l e o l u s  which a p p ea r s  e n l a r g e d .  
The c e l l u l a r  and n u c l e a r  i n d i c e s  have i n c r e a s e d  (P^ .05)  compared t o  f i s h  
H f o r  1 week ( P l a t e  14 and t a b l e  12).
ICC: Im m u n o rea e t i  ve ma t e r i a l  i s  now absen t  from p r o c e s s e s ,  as  
w e l l  as  p e r i k a r y a .
27
C. H f o r  f i v e  weeks
(1) NOR
F u s i f o r m - s h a p e d  p e r i k a r y a  a r e  l a r g e r  and more b a s o p h i l i c ,  p a le  
s t a i n i n g  n u c l e i  a r e  e n l a r g e d ,  and n u c l e o l i  a r e  more i n t e n s e l y  s t a i n e d  
when compared to  th e  o t h e r  e x p e r im en ta l  g roups  ( f i g  . IS and t a b l e  1 2 ) .
ICC: Between 3 and  5 weeks t h e r e  i s  a d ram a t ic  i n c r e a s e  i n  the
i n t e n s i t y  o f  ir-LHRH t h a t  accum ula tes  i n  p e r i k a r y a  and p r o c e s s e s  o f  the
NOR.
(2) NPP
Oval p e r i k a r y a  a r e  b a s o p h i l i c ,  n u c l e i  a r e  p a l e  and  n u c l e o l i  
a p p e a r  e n l a r g e d .  No s i g n i f i c a n t  d i f f e r e n c e s  (P> .05) a r e  e v id e n t  in  the  
c e l l u l a r  and n u c l e a r  i n d i c e s  when an im a ls  H fo r  5 weeks a r e  compared to
an imals  H f o r  3 weeks ( P l a t e  14 and t a b l e  12).
ICC: A l th o u g h  a few f i b e r s  c o n t a i n  i r - m a t e r i a l ,  no ir-LHRH i s  
.Localized in  p e r ik a r y a  o f  the  NPP.
(3) NLT
I r r e g u l a r  s h a p e d  p e r i k a r y a  c o n t a i n  deep b a s o p h i l i a ,  prominent  
n u c l e i  and  n u c l e o l i .  No s i g n i f i c a n t  d i f f e r e n c e s  ( P > . 0 5 )  i n  t h e  
c y t o m e t r i c  p a r a m e t e r s  a r e  noted  when an im a ls  H f o r  5 weeks a r e  compared 
t o  an im als  H f o r  3 weeks ( P l a t e  14 and t a b l e  12) .
ICC: As i n  f i s h  H f o r  3 w e e k s ,  no i r - m a t e r i a l  i s  e v i d e n t  in  
p e r ik a r y a  or f i b e r s  o f  t h e  .NLT.
I l l ' ,  B f f e c t  o f  and gonado t rop in  a d m i n i s t r a t i o n  on t he d i s t r i b u t i o n  and
quan t i t y  o f  _LHRH_ in_ the_ b r a i n s  o f  s e xual l y  mature  p l a t y f i s h  H f o r  5 
weeks .
(1) Group 1 : B h s m - o p e m te d - sa l in e  i n j e c t e d :
The n e u r o n s  o f  t h e  NO.-., NPP -u,,: !f.,T coot;-.in T U h t l y  br-.so'-t
r i n g s  o f  cy toplasm t h a t  su rround euchrom at ic  n u c l e i  and s i n g l e  c e n t r a l l y  
p l a c e d  n u c l e o l i .  There  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  ( P > . 0 5 )  between 
s h a r o - o p e r a t e d  an im als  a t  1, 3 and 5 weeks and sham-opera ted  an im a ls  t h a t  
r e c e i v e d  s a l i n e  when a l l  c y to m e t r i c  measurements a r e  compared ( P l a t e  14 
and t a b l e  12).
ICC: Ir-LHRH i s  l o c a l i z e d  i n  p e r i k a r y a  and p r o c e s s e s  o f  the  NOR 
( f i g .  1 6 ) ,  NPP and NLT. As i n  i n t a c t  a n i m a l s ,  r e a c t i o n  i n t e n s i t y  i s  
g r e a t e s t  i n  t h e  p e r i k a r y a  o f  t h e  NPP, l e s s  i n  the  NOR and l e a s t  in  the  
NLT. W i th in  the  hypophysis  ir-LHRH i s  l o c a l i z e d  w i t h i n  GTII c e l l s  o f  the  
CPD, and w i t h i n  p r o c e s s e s  between t h e s e  c e l l s ,  and i n  the  PAS-r c e l l s  o f  
the  PI
RIA: An a v e r a g e  v a l u e  o f  649 + 28 picograms o f  LHRH per  b r a i n  
was d e t e r m i n e d  f o r  t h e  e i g h t  b r a i n s  a s s a y e d ,  A t o t a l  va lue  o f  507.5  
' p i c o g r a m s  o f  LHRH was assayed  in  the  e i g h t  pooled whole p i t u i t a r y  g lands  
(Table  12).
(2) Group I I :  H y p o p h y s e c to m iz e d - s a l i n e - in j e c t e d :
P e r i k a r y a  i n  t h e  NOR, NPP and NLTp a r e  more i n t e n s e l y  s t a i n e d  
w i th  a n i l i n  and m e th y l in e  b lu e ,  n u c l e i  appear  p a l e r  and n u c l e o l i  a r e  more 
p r o m i n e n t  compared t o  sham-operated  f i s h .  A l l  c y to m e t r i c  p a ram e te r s  a re  
s i g n i f i c a n t l y  g r e a t e r  ( P < . 0 5 )  when compared to  c o n t r o l  group v a lu e s  (see 
P l a t e  14 and t a b l e  12).
ICC: B r a i n s  o f  an im als  hypophysectomized f o r  f i v e  weeks c o n ta in  
a marked r e d u c t i o n  o f  ir-LHRH c o n te n t  i n  the  NPP and NLTp, There i s  a' 
t o t a l  d e p l e t i o n  o f  i r - m a t e r i a l  i n  t h e  p e r i k a r y a  o f  t h e s e  r e g i o n s ,  
h o w e v e r ,  a few f i b e r s  e m a n a t i n g  f r o m  t h e  NPP and  NLTp do  show 
i  mm v n o r e a c t i v i t y  . I n  t h e  NOR, t h e r e  i s  a n a r k e d  i n c r e a s e  i n
immunoreaobive stainin<- in both p e r i ’’.«••• ya and n i x 1".-; ( f i g .  17).
RIA: ' An a v e r a g e  v a lu e  of 440 ilV4 ,-,C i wbij
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was c a l c u l a t e d  f o r  t h e  t w e l v e  b r a i n s  a s s a y e d  ( P l a t e  15 and t a b l e  12) .  
This  i s  s i g n i f i c a n t l y  l e s s  (F<.03) than  i n  sham-opera ted  f i s h  (649+28).
(3) Group I I I :  Hypophysectomized GTH-in jec ted:
A n im a ls  t r e a t e d  w i t h  salmon GTH (SG-G100) c o n t a i n  p e r i k a r y a  i n  
t h e  NOR t h a t  a r e  l e s s  b a s o p h i l i c  than a r e  noted  i n  the  NOR o f  H - s a l i n e -  
i n j e c t e d  a n i m a l s .  N u c l e i  have  d e c rea se d  in  s i z e  and n u c l e o l i  re semble  
t h o s e  s e e n  i n  s h a m - o p e r a t e d  c o n t r o l s  ( P l a t e  14 and t a b l e  12),  In the  
NPP, n e u r o n s  c o n t a i n  l i g h t e r  b a s o p h i l i a  than seen in  H - s a l in e  i n j e c t e d  
f i s h  and o v a l  p a le  n u c l e i  and prominent n u c l e o l i .  In  the  NLT, p e r i k a r y a  
s t i l l  c o n t a i n  a deep b lue  b a s o p h i l i c  r i n g  o f  cy top lasm ,  p a le  n u c l e i ,  and 
p r o m i n e n t  n u c l e o l i .  A d e c r e a se  i n  a l l  morphometrie pa ram ete rs  (P <  .05) 
i s  noted  when compared to  v a lu e s  d e p ic t e d  i n  B - s a l i n e - i n j e c t e d .
ICC; A s l i g h t  i n c r e a s e  i n  t h e  number o f  ir-LHRH c o n t a i n i n g  
• n e u r o n a l  f i b e r s  i s  n o t e d  i n  t h e  NPP and NLTp o f  f i s h  r e c e i v i n g  salmon 
GTH. In  t h e  NOR, h o w e v e r , a l t h o u g h  t h e r e  i s  a marked d e c rea se  c f  i r -  
m a t e r i a l  i n  p e r i k a r y a  and f i b e r s ,  compared  t o  H - s a l i n e - i n j e c t e d  f i s h ,  
t h e r e  i s  s t i l l  c o n s i d e r a b l y  more than  i s  noted i n  sham-opera ted  groups 
(compare f i g s .  17 and 18).
RIA: An a v e r a g e  o f  362 + 36 p i c o g r a m s  o f  LHRH p e r  b r a in  was 
f o u n d  i n  t h e  e l e v e n  b r a i n s  a s s a y e d .  T h i s  v a l u e  i s  s i g n i f i c a n t l y  
d i f f e r e n t  from a n i m a l s  i n  Group I  ( p < 0 . 0 5 )  and  Group I I  ( p < 0 . 0 5 )  
( P l a t e  15 and t a b l e  12).
GONADS: ■ '
(1) Sham-Operated F i s h :
A l l  o v a r i e s  o f  sham-opera ted  f i s h  c o n ta i n e d  many l a r g e  
yolky o o c y te s .  Few oogonia  o r  p r im ary  o o c y te s  were p r e s e n t .
(2) Hypophysectomized -  S a l i n e  I n j e c t e d  F i s h :
Ovaries  in  75% o f  the  f i s h  hypophysectomized f o r  1 ,3 ,  o r  5 
weeks showed a  sm al l  deg ree  o f  oocy te  a t r e s i a  in  a d d i t i o n  to  a 
ponderence o f  l a r g e  yo lky o o c y te s .
(3) Hyopphysectomized -  SG-G100 In . jec ted  F i s h :
Approximate ly  75% o f  t h e  GTH-in jec ted  an im a ls  lacked  yolky 
o o c y te s .  Few oogonia  and many pr im ary  .oocytes  i n  the  o i l  d r o p l e t  s t a g e  
were e v i d e n t .
D iscuss ion  - 
I .  Methods:
B o u in ' s  f l u i d  c o n t a i n i n g  a c e t i c  a c i d  was chosen f o r  a l l  h i s t o l o g i c a l
I
and im m u n o cy tochera ipa l  s t u d i e s  s i n c e  i t  has been c l e a r l y  e s t a b l i s h e d  to  
p r o v i d e  good p r e s e r v a t i o n  of', c e r t a i n  a n t i g e n s  w i th  imraunocytocheraical 
m e t h o d s  ( S t e r n b e r g e r , 1979)* As w i t h  a l l  c h e m i c a l  f i x a t i v e s ,  t h i s  
s o l u t i o n  c a u s e s  some s h r i n k a g e  i n  t i s s u e s .  However, s i n c e  B o u in ' s  was 
t h e  o n l y  f i x a t i v e  u s e d  t h r o u g h o u t  t h i s  s tu d y ,  th e  sh r in k a g e  e r r o r  t h a t  
m ig h t  have  been  i n t r o d u c e d  would  h a v e  remained uniform th roughou t  the  
v a r i o u s  e x p e r i m e n t s  and , t h e r e f o r e ,  would no t  be expec ted  to  a f f e c t  the  
r e l a t i v e  r e s u l t s  ( B e r e i t e r  and J ean renaud ,  197^).
The a b i l i t y  t o  a s s e s s  th e  f u n c t i o n a l  s t a t e  o f  s e c r e t o r y  c e l l s  a t  the  
l i g h t  m i c r o s c o p e  l e v e l  h a s  been  d i s c u s s e d  in  d e t a i l  by Schreibman and 
Holtzman' ( 1 9 7 5 ) . ’ Changes in  the  d i s t r i b u t i o n ,  number, s i z e  and e x t e n t  o f  
d e v e lo p m e n t  o f  t h e  o r g a n e l l e s  r e f l e c t  t h e  a c t i v i t y  o f  a c e l l .  At the  
l i g h t  m i c r o s c o p e  l e v e l ,  a d e c r e a se  i n  the  s e c r e t o r y  p roduc t  can be seen  
by a r e d u c t i o n  i n  t h e  i n t e n s i t y  o f  s t a i n  in  t h e  c e l l  and i n d i c a t e s  t h a t  
s e c r e t i o n  i s  t a k in g  p l a c e .  An i n c r e a s e  in  the  c e l l  s i z e ,  n u c l e a r  volume 
and i n  t h e  p ro m in en c e  and  s t a i n i n g  a f f i n i t y  o f  the  n u c l e o l u s  r e f l e c t s  
t r a n s c r i p t i o n a l  a c t i v i t y .  An i n c r e a s e  i n  th e  b a s o p h i l i a  o f  the  c e l l ,  
w h i c h  i s  e a s i l y  e v a l u a t e d  by N i s s l  s t a i n ,  i n d i c a t e s  an i n c r e a s e  i n  
ribosomal m a t e r i a l .  I f ,  however, t h e r e  i s  a d im in u t io n  i n  the  demand f o r  
p r o t e i n  p r o d u c t ,  t h e n  t h e r e  i s  a concomitant d e c r e a se  in  the  s t r u c t u r a l  
com ponen t s  i n v o l v e d  i n  t h e  t r a n s c r i p t i o n ,  t r a n s l a t i o n ,  and t r a n s p o r t  
p h a s e s  t h a t  a r e  p a r t  o f  t h e  f o r m a t i o n  o f  the  s e c r e t o r y  s u b s ta n c e s  and 
thus  a r e d u c t io n  in  N i s s l  s t a i n i n g .  Obvious ly ,  one cannot r e l y  s o l e l y  on 
t h e se  morphologica l  and t i n c t o r i a l  pa ram ete rs  f o r  a t o t a l  e v a l u a t i o n  o f  a 
c e l l ' s  p e r f o r m a n c e  in  r e s p o n s e  t o  changes in  i t s  i n t e - n o l  rod e x t e r n a l
e n v i r o n m e n t .  As w i t h  a  11 . t e c h n i q u e s . t h e r e  a r e  s h o r t c o m i n g s  and 
h i s t o l o g i c a l  me t hods  a r e  no e x ce p t i o n .  To augment t he  h i s t o l o g i c a l  and 
c y t o . l o g . i c a l  a p p r o a c h ,  t h e r e f o r e ,  t h i s  s t u d y  h a s  u t i l i z e d  
i m m u n o e y t o c h em i ca l  methods  t o  e v a l u a t e  t he  p re sence  o f  s p e c i f i c  p r o t e i n  
p r o d u c t s  ( LHRH and GTH) i n  f i s j i  i n  v a r i o u s  p h y s i o l o g i c a l  s t a t e s  o f  t h e i r  
r e p r o d u c t i v e  sys tems .
To de termine  the  volume o f  each LHRH-containing r e g i o n  o f  t h e  b r a i n ,  
t h e  number  o f  s e c t i o n s  drawn w i t h  t he  camera l u c i d a  was i n c r e a s e d  over  
t h a t  recommended by S c hwa nze l - F ukuda  e t  a l .  (1981) ,  i n  o r d e r  t o  reduce  
sampl ing e r r o r  ( Z i l l e s  e t .  a l . , 1982).
The use o f  n u c l e a r  a r e a ,  n u c l e a r  and c e l l u l a r  i n d i c e s  and number a r e  
w e l l  a c c e p t e d  p r o c e d u r e s  f o r  a n a l y z i n g  c h a n g e s  i n  c e l l u l a r  a c t i v i t y  
( L e a t h e r  l a n d  and E n s o r , 1973;  M o r s h i t a  e t  a l . ,  197*1; Hol tzman,  1975; 
F a h r a e u s - v a n  Ree e . t / a _ l . ,  1 9 8 3 ) .  Random s a m p l e s  o f  t h e  c e l l u l a r
p o p u l a t i o n  were  c h o s e n  i n  o r d e r  t o  a v o i d  s u b j e c t i v i t y  o f  c h o i c e  and 
a d j a c e n t  s e c t i o n s  were c a r e f u l l y  ana lyzed  i n  o r d e r  t o  p r ec lu d e  d u p l i c a t e  
m e a s u r e m e n t s  o r  c o u n t s  o f  t h e  same  c e l l s .  F o r  c e l l u l a r  d e n s i t y  
me as u re me n t s  the  m i d - s a g i t t a l  s e c t i o n s  and s e c t i o n s  e q u i d i s t a n t  from the  
l a t e r a l  b ou nd a ry  and t h e  m i d - s a g i t t a l  p l a n e  o f  t h e  p i t u i t a r y ,  were  
c a r e f u l l y  de termined t o  avoid  b i a s  i n  s e l e c t i o n .
The LHRH a n t i b o d i e s  u t i l i z e d  f o r  ICC and RIA a n a l y s e s  i n  t h i s  s t udy  
were  p r e p a r e d  a g a i n s t  t h e  C - t e r m i n u s  o f  s y n t h e t i c  LHRH (Goos e t  a I . ,  
1976;  B a r r y ,  1979).  I t  i s  i n t e r e s t i n g  to  note  t h a t  a n t i s e r a  t o  p u r i f i e d  
mammalian LHRH, a l s o  p r e p a r e d  a g a i n s t  t h e  C - t e r m i n u s  ( Arimura~7**3)» 
c r o s s r e a o t s  i n  t h e  same p l a t y f i s h  b r a i n  and p i t u i t a r y  r e g i on s  as the  
a n t i - s y n t h e t i c  LHRH (Goos,  e t  a l . ,  1975) used i n  t he  ICC p o r t i o n  o f  t h i s  
s t u d y .  R e c e n t l y ,  S h e r w o o d , c t  aj_. ( 1 9 8 3 ) have  snovn t h a t  salmon cud 
mammalian LHRH f f o r  a t  the seven and e i g h t  p o s i t i o n s  T h e r e f o r e , when
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u s i n g  h e t e r o l o g o u s  a n t i s e r a  i t  i s  i m p o r t a n t  t o  c o r r e l a t e  
i mmu no o y t o c he mi c a l  r e s u l t s  wi th  p h y s i o l o g i c a l  d a t a ,  a s  was done in  t h i s  
s t udy .
S e ve ra l  t e l e o s t  g on a do t r o p i ns  and t h e i r  a lpha  and b e t a  s u b u n i t s  have 
b e e n  p r e p a r e d  i n  a h i g h l y  p u r i f i e d  s t a t e ,  t h e r e b y  a l l o w i n g  t h e  
p r e p a r a t i o n  o f  a n t i b o d i e s  ( B u r z a w a - G e r a r d  e t  & ! • ,  1 9 7 6 ) .  Carp
g o n a d o t r o p i n  (C-GTH) and salmon gonado t rop i n  (SG-G100) a r e  g l y e c p r o t e i n  
i n  n a t u r e  a n d  h a v e  s i m i l a r  m o l e c u l a r  w e i g h t s  t o  t h e  m a m m a l i a n  
g o n a d o t r o p i n s  ( F o n t a i n e  and Burzawa-Gera rd , 1978; I d l e r  and Ng, 1983).  
A l t h o u g h  i d e n t i c a l  a l p h a  s u b u n i t s  a r e  p r e s e n t  i n  TSH a nd  t h e  
g o n a d o t r o p i n s ,  i t  i s  t he  b e t a  s u bu n i t  t h a t  g i v e s  the  g l y p r o t e i n  hormones 
t h e i r  b i o l o g i c a l  s p e c i f i c i t y  and f u n c t i o n .  The a n t i g e n s  SG~G100, GTM and 
GTHB, a s  w e l l  as  a n t i b o d i e s  t o  them, a r e  b i o l o g i c a l l y  a c t i v e  i n  t e l e o s t s  
(van O o rd t  and Peu t e ,  1983; I d l e r  and Ng, 1983),  t hu s  j u s t i f y i n g  the  use 
o f  the  GTil a n t i  serum employed i n  t h i s  s t udy .
The p e r i k a r y a ,  f i b e r s  o r  p i t u i t a r y  c e l l s  wh i ch  e x h i b i t e d  c r o s s -  
r e a c t i v j t y  w i t h  an t i -LHRH o r  anti-GTHB were not  " s t a i n e d "  when many o f  
t h e  " c o n t r o l "  s o l u t i o n s  were  e mp l o y e d .  These r e s u l t s  demons t r a t e  the  
s p e c i f i c i t y  o f  both t he  method and the  a n t i b o d i e s  employed in  t h i s  s t udy .  
Method s p e c i f i c i t y  d e a l s  w i t h  t i s s u e  components s t a i n i n g  wi th  r e a g e n t s  
o t h e r  t h a n  t h e  a n t i b o d i e s .  The o m i s s i o n  a n d / o r  s u b s t i t u t i o n  o f  each 
r eagen t  ( d i s c us s e d  in M a t e r i a l s  and Methods) and a s e r i e s  o f  d i l u t i o n s  o f  
p r i m a r y  a n t i s e r u m  s h o u l d  d e t e r m i n e  t h e  d e g r e e  o f  method s p e c i f i c i t y  
( C h i l d s ,  1983;  P e t r u s z ,  1983; Pool  e t  a l . , 1983).  The d e t e r m i n a t i o n  o f  
a n t i  body s p e c i f i c i t y  i s  b a s e d  on t h e  p r i n c i p a l  t h a t  a n t i b o d i e s  can 
r e c o g n i z e  s h o r t ,  amino a c i d  s e q u e n c e s  on l a r g e r  a n t i g e n  m o l e c u l e s .
Ab so r b i n g  t h e  a n t  i s  e r a  wi th  Ihe-ir r  s sp nc t i v e  a n t i g e n s  t c s t i  the  a b i l i t y  
o f  t h e  a n t i b o d i e s  t o  p r:; so a s p e c i f i c  am I jr.: no : ser;' ’--" oe ■ r  '
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a n t i g e n ,  and i m m u n o s t a i n i n g  \?i 11 be p r e v e n t e d  i f  t h i s  h a s  o c c u r r e d .  
However ,  t he  an t i b o dy  may combine wi th  i m p u r i t i e s  i n  t he  a n t i g e n  so t h a t  
t h e  v a l i d i t y  o f  t h e  a b s o r p t i o n  t e s t  a l s o  depends upon t he  p u r i t y  o f  the  
a n t i g e n  ( P o o l  e t  a l . , 1 9 8 3 ) .  Only h i g h l y  p u r i f i e d  a n t i g e n s  ( s y n t h e t i c  
LHRH, P e n i n s u l a  L a b o r a t o r i e s ,  and cGTH and cGTHB, Burzawa-Gera rd , 1982) 
were used f o r  a b s o r p t i o n  i n  t h i s  s t u d y .
RIA d e t e r m i n a t i o n s  and ICC l o c a l i s a t i o n s ,  pe r  s e , have no b e a r i n g  on 
t h e  p r e s e n c e  or  absence  o f  b i o l o g i c  a c t i v i t y  a s s o c i a t e d  w i t h  t ne  a n t i g en  
( P e t r u s ’z ,  1983;  C h i l d s ,  1 9 8 3 ) .  Al l  r e f e r e n c e s  t o  immunoreact ive ( i n - )  
LHRH a nd  i r - G T H  a r e  r e a l l y  i n d i c a t i n g  "LHRH- l ike"  and " G T H - l i k e ” 
m a t e r i a l .  I t  i s ,  t h e r e f o r e ,  n e c e s sa r y  t o  conduct  p h y s i o l o g i c a l  s t u d i e s  
i n  a d d i t i o n  t o  i m m u n o l o g i c a l  m e t h o d s  t o  i n d e e d  show t h a t  t h e  
i m m u n o r e a c t i v e  molecu les  be ing  l o c a l i z e d  a r e  b i o l o g i c a l l y  a c t i v e  (Hutson 
e t  a l . ,  1979; Swaab, 1982; P e t r u s z ,  1983),  and t h i s  s t u d y ,  which examined 
a n i m a l s  i n  d i f f e r e n t  p h y s i o l o g i c a l  s t a t e s  ( d e v e l o p m e n t a l  s t a g e s  and 
hypophysectomy) , f u l f i l l s  t h i s  c o n d i t i o n .
I I . Ontogeny and F u n c t i o n a l  S i g n i f i c a n c e  o f  Cen t e r s  i n  t he  Bra in  and 
P i t u i t a r y  t h a t  Conta ln  Immunorcact ive (ir)-LHRH
T h e  o n t o g e n y  o f  LHRH c o n t a i n i n g  c e n t e r s  i n  t h e  b r a i n  was  
i n v e s t i g a t e d  i n  p l a t y f i s h  " g e n e t i c a l l y  programmed" t o  reach  pube r t y  a t  
two ( ' ' . f f e r e n t  a g e s  ( t a b l e  2 ) .  The r e s u l t s  i n d i c a t e  t h a t  t h e r e  i s  a 
s e q u e n t i a l  development  o f  the  three.  ir-LIIRH c o n t a i n i n g  a r e a s  in the  b ra in  
t h a t  i s "  d i r e c t l y  r e l a t e d  t o  s t a g e  o f  s e x u a l  d e v e l o p m e n t  and n o t  
c h r o n o l o g i c a l  age .  The NOR i s  t he  f i r s t  r eg i on  to  c o n t a i n  .ir-LHRH which
f i b e r s  e ma na t e  i n  a l l  d i r e c t i o n s  f rom t h e  NOR and p r o c e s s e s  can  be 
c l e a r l y  d e l i n a t e d  between t h i s  and t he  o t h e r  n u c l e i .  Th i s  phenomenon has 
been termed t he  "cascade  e f f ec t ' ?  because  o f  t he  a p p a r e n t  cont inuum i n  the  
p a t t e r n  o f  development  o f  the  NOR, NPP, NLT and p i t u i t a r y .
The IJOR o f  e a r l y  and  l a t e  m a t u r e r s  i n c r e a s e s  i n  volume,  n u c l e a r  
a r e a ,  and c e l l u l a r  and n u c l e a r  i n d i c e s  from one ( n e o n a t a l )  to  f i v e  weeks 
( s t a ge  1 gonopodia l  deve lopment ) .  Ir-LHRH f i r s t  a ppea r s  i n  NOR p e r i k a r y a  
a t  5 weeks  o f  age i n  e a r l y  m a t u r e r s ,  and 6 weeks l a t e r  (11 weeks o ld  and 
s t i l l  i n  s t a g e  1) ,  i n  l a t e  m a t u r e r s .  I r - c e l l  b od ie s  a r e  a t  t h e i r  maximum 
number  when they  f i r s t  a p p e a r ,  and t h i s  number,  which i s  s i m i l a r  i n  both 
g e n o t y p e s  r e m a i n s  c o n s t a n t  i n t o  a d u l t h o o d  ( s ee  P l a t e  10) .  There a r e ,  
h o w ev e r ,  s i g n i f i c a n t  i n c r e a s e s  in  the  dimensions  o f  the  NOR and o f  i t s  
i n d i v i d u a l  p e r i k a r y a  i n  both genotypes  from s t a g e  1 t o  s t a g e  2, a pe r i od  
t h a t  i s  c h a r a c t e r i z e d  by the  appearance  of  i r - f i b e r s  between t he  NOR and 
t he  NLT and NPP. These o b s e r v a t i o n s  sugges t  i n c r e a s e d  c e l l u l a r  a c t i v i t y ,  
a c o n c e p t  wh ich  i s  s u p p o r t e d  by c y t o l o g i e s !  o b s e r v a t i o n s  o f  i n c r e a s e d  
b a s o p h i l i a  and the  appea rance  o f  p a l e  n u c l e i  and prominent  n u c l e o l i .
I n  t h e  NPP, the  o v e r a l l  volume and t he  d imens ions  o f  p e r i k a r y a  show 
s u b s t a n t i a l  i n c r e a s e s ,  i n  b o t h  e a r l y  and l a t e  m a t u r e r s ,  subsequent  to  
t h o s e  shown by t he  NOR. The NPP i n c r e a s e s  seen a t  s t a g e  2, which ooccur  
i n  bo t h  g e n o t y p e s ,  c o r r e s p o n d  w i t h  t h e  i n i t i a l  a p p e a r a n c e  o f  i r -NPP 
p e r i k a r y a .  By s t a g e  6 t h e  NPP o f  b o t h  g e n o t y p e s  a t t a i n s  i t s  maximum 
number  o f  i r - p o r i k a r y a , w i t h  e a r l y  m a t u r e r s  c o n t a i n i n g  ap pr ox ima te ly  
f i f t y  p e r cen t  more than l a t e  ma tur ing  s i b s .
The dimensions  o f  t he  NLT and i t s  p e r i k a r y a  f o l l ow a s i m i l a r  p a t t e r n  
o f  c h a n g e  i n  b o t h  g e n o t y p e s ,  and i n  t h i s  b r a i n  r e g i o n  m e a s u r e m e n t s  
i n c r e a s e  up t o  s t a g e  ? and t h e n  d e c r e a s e  f rom s t a g e  2 to  6.  Tr-LHKi!
p e r k a r y a  b e g i n  t o  a p p e a r  s h o r t l y  t h e r e a f t e r  i n  e a r l y  m a t u r e r s ,  c e l l  
bodies  w i t h  ir-LIIRH a re  never  seen i n  t he  NLT o f  l a t e  matur.1 ng s i b s .
O t h e r  e s s e n t i a l  d i f f e r e n c e s  a l s o  e x i s t  b e t wee n  t h e  g e n o t y p e s  
s t u d i e d .  I n  t h e  l a t e  m a t u r e r s ,  s p e c i f i c  s t e p s  o f  t he  "cascade  e f f e c t "  
t a k e  p l a c e  a t  s i m i l a r  deve lopmenta l  s t a g e s ,  but  a t  d i f f e r e n t  ages  ( o l d e r  
a n i m a l s )  a n d  r e q u i r e  mo r e  t i m e  t o  r e a c h  t h e  f u l l  i m m u n o r e a c t i v e  
a p p e a r a n c e  c h a r a c t e r i s t i c  o f  m a t u r e  f i s h .  Thi s  de lay  i n  t ime  c r e a t e s  
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  c y t o m e t r i c ,  c y t o l o g i c ,  and immunologic 
c h a r a c t e r i s t i c s  o f  t h e  t h r e e  b r a i n  r e g i o n s  i n  f i s h  o f  t he  same age but  
d i f f e r e n t  geno type .  For  i n s t a n c e ,  a t  5 weeks o f  age t he  p e r i k a r y a  i n  the  
NOR o f  e a r l y  m a t u r e r s  c o n t a i n  i r ~ m a t e r i a l  and c y t o l o g i c a l  a n a l y s i s  
s u g g e s t s  t h a t  t h e s e  c e l l  bod ies  m a n i f e s t  s e c r e t o r y  a c t i v i t y ,  i . e . ,  p a l e  
n u c l e i ,  p rominent  n u c l e o l i  and c y t op l a smi c  b a s o p h i l i a .  Late ma t u r e r s  a t  
t he  some c h r o n o l o g i c a l  age l ack  ir-LHRH in  p e r i k a r y a  and p r o c e s s e s ,  t h e i r  
cy t ome t r i c  measurements  a r e  s i g n i f i c a n t l y  s m a l l e r  ( P <  .0!?),  t he  p e r i k a r y a  
a r e  l e s s  b a s o p h i l i c ,  and n u c l e i  appear  dense .  I t  i s  no t  u n t i l  s i x  weeks 
l a t e r  (11 w ee ks ,  s t a g e  1) t h a t  t h i s  genotype c o n t a i n s  ir-LHRH p e r i k a r y a  
and axons i n  the  NOR; t h e i r  c y t o m e t r i c  measurements  a r e  now comparable  t o  
e a r l y  ma tu r e r s  who, a l t hough  they a r e  t he  same c h r o n o l o g i c a l  age ,  a r e  nov; 
i n  s t a g e  2.  Also,  t he  i n c r e a s e  i n  s i z e  o f  the  NOR from s t a g e  1 t o  s t a g e
2 i s  g r a d u a l  i n  e a r l y  ma tu re r s  and "dramat i c"  i n  l a t e  m a t u r e r s ,  so t h a t
a t  s t a g e  2 a l l  m o r p h o m e t r i c  v a l u e s  f o r  t h e  NOR o f  l a t e  .ma tu re r s  a r e  
s i g n f i c a n t l y  l a r g e r  than t hose  f o r  e a r l y  s i b s .
. The p e r i k a r y a  o f  t h e  NFP and NLT appear  t o  become more b a s o p h i l i c
f rom s t a g e  1 t o  s t a g e  2,  and shew dramat i c  i n c r e a s e s  i n  a l l  c y t o m e t r i c
m e a s u r e m e n t s .  At s t age  2, t he se  .e’ — r a c t o r  1 s t ic .  i n c r e a s e s  a r c  a s s o c i a t e d  
v:itVi t h e  a p p e a r a n c e  o f  i r -  p e r i  t i r p  e. i n  b a t h  t h e  Nl'P ar.i :h.T cl  e r h  y 
ms tu  " e r  s , ■ b u t  o n l y  i n  t he  ppp ’. a te  m a t u r r n . hlno.  r  . rni  f‘- a r t  : v
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g r e a t e r  number o f  ir-LHRH p e r i k a r y a  a r e  seen  i n  t he  NPP o f  e a r l y  ma t u r e r s  
when compared t o  l a t e  m a t u r e r s  ( P l a t e  10) .  In  t he  NLT, e a r l y  ma t u re r s  
a l s o  c o n t a i n  t h e  maximum number  o f  i r - p e r i k a r y a  and f i b e r s  a t  s t a g e  2
t
( P l a t e  10) ,  whi l e  l a t e :  ma t u r e r s  c o n t a i n  ir-LHRH on l y  i n  f i b e r s  but  not  i n
p e r i k a r y a  a t  t h i s  o r  any o t h e r  s t a g e .  At s t a g e  2 t he  NLT p e r i k a r y a  o f  
? BP P f i s h  a p p e a r  l e s s  b a s o p h i l i c  and t h e  n u c l e i  a r e  not  a s  p a l e  when
1 2compared t o  e a r l y  P P s i b s .
The d i m e n s i o n s  o f  t h e  NPP in  both geno types  i n c r e a s e s  d r a m a t i c a l l y  
f r o m  s t a g e  2 t o  s t a g e  6 .  The number  o f  i r -LHRH NPP p e r i k a r y a .  a l s o  
i n c r e a s e s  by f i f t y  p e r c e n t  i n  both  genotypes  bu t  e a r l y  ma tu re r s  c o n t a i n  
s i g n i f i c a n t l y  more (P <• 03) i r - c e l l s  than  t h e i r  l a t e  ma t u r i ng  s i b s  ( P l a t e  
10) w By c o m p a r i s o n  the  number o f  ir-LHRH p e r i k a r y a  i n  t he  NLT o f  e a r l y  
ma t u re r s  has  decreased  by 50% from s t a g e  2 t o  s t a g e  6. However,  a l t hough  
l a t e  m a t u r e r s  c o n t i n u e '  t o ' l a c k  NLT i r - p e r i k a r y a , i r - f i b e r s  p e r s i s t  a t  
s t a g e  6.
The development  o f  t h e s e  t h r e e  ’’LHRH-like" c o n t a i n i n g  c e n t e r s  i n  t he
b r a i n  i s  d i r e c t l y  r e l a t e d  t o  even t s  o c c u r r i n g  i n  t he  p i t u i t a r y  gland  and
g o n a d s .  In  a l l  one w e e k - o l d  f i s h ,  r e g a r d l e s s  o f  genotype ,  ir-LHRH and
i r -GTH a r e  found  i n  c e l l s  o f  t h e  1CPD, s c a t t e r e d  c e l l s  on the  v e n t r a l
b o r d e r  o f  the  CPD and in PAS+ c e l l s  o f  t he  pa r s  i n t e r m e d i a .  At t h i s  age
ir-LHRH i s  not  seen in  t he  b r a i n ,  however,  t h i s  does not  n e c e s s a r i l y  mean
t h a t  t h e  b r a i n  is- n o t  p r o d u c i n g  a n y .  The p r e s e n c e  o f  ir-LHRH in  the
p i t u i t a r y  o f  one w e e k - o l d  f i s h  s u g g e s t s  t h a t  i r -LHRH p r o d u c t i o n  i s
o c c u r r i n g  i n  t h e  b r a i n ,  however , t he  quant i . ty  may be i n s u f f i c i e n t  to  be
d e t e c t e d  by ICC m e th o d o l o g y  ( B i g b e e  e t  a l . , 1977; S t e r n b e r g e r ,  1979).
One may a l s o  c o n t e m p l a t e  t h e  p o s s i b i l i t y  t h a t  t he p i t u i t a r y  ir-LHRH
observed i s  be ing prod .iced by t he  i r - P I  o r  -CPD ocJ?:-,  '■It'XVigb, tl-u-re is 
no evidence  to s uppor t  t h i s  h y p o t h e s i s .
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The  p o s s i b l e  r o l e  i n  r e p r o d u c . t i . v e  f u n c t i o n  p l a y e d  by t h e
i m m u n o r e a c t i v e  c e l l s  o f  the  pa r s  i n t e r me d ia  i n  p l a t y f i s h  i s  sugges t ed  by
t h e i r  h i s t o c h e i n i c a l  c h a r a c t e r i s t i c s  and by t h e i r  l i f e  h i s t o r y .  These
\
c e l l s ,  which a r e  PAS+ , a r e  a l s o  c h a r a c t e r i z e d  by t h e  p re s ence  o f  ir-G' l’H, 
-LHRI3 and t h e i r  a b i l i t y  t o  bind sex s t e r o i d s  (Schreibman e t  a l . ,  1982).  
I n  p l a t y f i s h  o f  both geno t ypes ,  i r - P I  c e l l s  a r e  p r e s e n t  i n  n eona t e s  in  a 
number  t h a t  shows o n l y  a g r a du a l  i n c r e a s e  i n t o  a du l t ho o d .  Also,  u n l i k e  
t h e  i r - CPD c e i l s  o f  e a r l y  arid l a t e  m a t u r e r s ,  t he  t o t a l  number o f  i r - P I
c e l l s  i s  s i m i l a r  a t  each s t a g e  o f  development  i n  both geno t ypes .  These
o b s e r v a t i o n s  sugges t  t h a t  t h e se  c e l l s  p l ay  a r o l e  i n  the  e a r l y  m a t u r a t i o n  
o f  t h e  BPG a x i s ,  p e r h a p s  i n  c o l l a b o r a t i o n  wi th  the  c e l l s  o f  t he  l a t e r a l  
CPD; and t h a t  t h i s  r o l e  i s  p robably  s i m i l a r  i n  both geno t ypes .  The r o l e  
t h e y  p l a y  m a y  be s p e c i f i c a l l y  r e l a t e d  t o  the  e a r l y  development  o f  t he  
gonads,  which' , i n  n e o n a t a l  t e l e o s t s ,  a r e  c h a r a c t e r i z e d  by the  p re s ence  of  
e n z y m e s  n e c e s s a r y  f o r  s y n t h e s i z i n g  s t e r o i d s  and e a r l y  s t a g e s  o f  
g a m e t o g e n e s i s  ( S c h r e i b m a n  e t  a l . , 1982b;  van den Hurk ,  197*1, 1933).  
T h e s e  o b s e r v a t i o n s  l e n d  s u p p o r t  t o  t h e  c o n c e p t  t h a t  two t y p e s  o f  
g o n a d o t r o p s  a r e  p r e s e n t  i n  t he  p l a t y f i s h  p i t u i t a r y  gland (Schreibman and 
M a r g o l i s - K a z a n , 1 9 7 9 ) ,  one t y p e  ( P I )  conce rned  wi th  e a r l y  and a n o t he r  
(vCPD) wi th  l a t e  m a t u r a t i o n a l  e v e n t s .
The q u e s t i o n  o f  t h e  number  o f  g o n a d o t r o p  t y p e s  p r e s e n t  i n  t h e  
t e l e o s t  p i t u i t a r y  g l a nd  has been debated f o r  many y e a r s .  The i de a  t h a t  
t h e r e  a r e  i n d e e d  tv;o t y p e s  o f  g o n a d o t r o p s  i s  g a i n i n g  s u p p o r t  due to  
r e c e n t  o b s e r v a t i o n s  in  o t h e r  t e l e o s t s  (Ekengren e t  a l . ,  1378; O l i v c r c au  
and O l i v e r e s u j  1978: Borg,  1978; van Oordt  and Pe u t e ,  1983; I d l e r  and h r .  
1983;  Tam o_t r>\ . ,  1 9 3 3 ) .  I d l e r  and h i s  a s s o c i a t e s  ( 1983) have a l r e a d y  
s u c c e e d e d  i n  i s o l a t i n g  two di f f o r e s t  gonedo t r o p i n  f r a o t i  ous  f r om 
f l o u n d e r s  one  a s s o c i a t e d  w i t h  gonad me I o -a t 1 c r , t h e  o t h e r  o i t a
v i t . e  1 l o g e n e s i s  . A l s o ,  t h e  p r e s e n c e  . o f  c e l l s  i n  t h e  PI  t h a t  a r e  
a s s o c i a t e d  wi th  r e p r o d u c t i v e  hormones i s  no t  unique t o  p l a t y f i s h  o r  even 
o t h e r  t e l e o s t s  ( e . g .  ir-GTII i n  salmon,  Ekengren e t  a l . , 1978).  Ir-LHRH
i'
has  a l s o  been l o c a l i z e d  i n  the  PI c e l l s  o f  r a t s  (Li  e t  a l . ,  1984).
In  e a r l y  m a t u r e r i n g  p l a t y f i s h ,  ir-LHRH neurons  appea r  i n  t he  NOR a t  
5 weeks  and t h e  number o f  ir-GTH vCPD c e l l s  has  i n c r e a s e d  and c on t i n u e s  
t o  i n c r e a s e  t h r e e  t o  f i v e  f o l d  o v e r  a week pe r i od  between f i v e  and 
e i g h t e e n  weeks  o f  a ge  ( s e x u a l  m a t u r i t y ) .  Late ma tur ing  s i b s  f o l l ow a 
p a t t e r n  o f  d e v e l o p m e n t  t h a t  beg ins  l a t e r ;  ir-LHRH neurons  appear  i n  the  
NOR a t  n i n e  t o  e l e v e n  w e e k s .  T h e i r  a p p e a r a n c e  i s  a s s o c i a t e d  ’wi th  a 
p r o l i f e r a t i o n  o f  g o na d o t r o p s  which occur s  over  a f o r t y - n i n e  week pe r i od  
( b e t w e e n  t e n  t o  f i f t y - n i n e  weeks o f  a ge ) ,  and ends wi th  t he  p re s ence  of  
f ewer  i r - e e l l s ' i n  t he  b r a i n  and p i t u i t a r y  t han  i n  e a r l y  m a t u r e r s .  P l a t e  
10 i l l u s t r a t e s  t h e ' c o r r e l a t i o n  between the  number o f ’ir-LHRH c o n t a i n i n g  
n e u r o n s  i n  t h e  b r a i n  and  t h e  number- o f  i r-GTH CFD and PI c e l l s  i n  the  
p i t u i t a r y  o f  both e a r l y  and l a t e  ma tu r ing  p l a t y f i s h  from one week o ld  to  
adu l t hood .
The f a c t  t h a t  t he  number o f  ir-LHRH c o n t a i n i n g  p e r i k a r y a  i n  the  NOR 
o f  b o t h  g e n o t y p e s . r e a c h e s  a maximum, va lue  e a r l y  in  development  ( s t a g e  1) 
a t  a t ime ’when none i s  seen i n  o t h e r  , Bgions o f  t he  b r a i n  and when ir-GTH 
and -LHRH a r e  s e e n  i n  c e r t a i n  p i t u i t a r y  c e l l s  s u g g e s t s  t h a t  t he  NOR 
p a r t i c i p a t e s  i n  the  e a r l y  d i f f e r e n t i a t i o n  and f u n c t i o n  o f  gonadot rops  in  
■ the . ICPD a nd  P I .  By c o m p a r i s o n  t h e  i n i t i a l  a p p e a r a n c e  o f  i r-LHRH 
p e r i k a r y a  i n  t h e  NPP ( b o t h  g e n o t y p e s )  and NLT ( f i b e r s  o n l y  i n  l a t e  
ma tu re r s )  occur s  a t  t imes  ( s t ag e  2) r e l a t e d  to t he  d rama t i c  p r o l i f e r a t i o n  
o f  g o n a d o t r o p s  i n  t h e  CPU- I t  s h o u l d  be n o t e d  t h a t  l a t e  m a t u r i n g  
a n i m a l s ,  which n e v e r  show i r - p c r i  i t a rya  i n  t he  NLT, have c o n s i d e r a b l y  
f e wer  C1\D g o n a d o t r o p s  than e a - l y  . . ^ t i r - e r s . I t  wouio apt:a: . r ,  t h e r e f o r e .
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t h a t  t h e  p r e s e n c e  o f  i r -LHRH i n  p e r i k a r y a  c f  b o t h  t he  NLT and NPP i s  
n e ce s s a ry  f o r  the  maximum number of  CPD gonadot rops  t o  deve l op .
The l a c k  o f  ir-LHRH i n  NLT p e r i k a r y a  o f  l a t e  m a t u r e r s  may be due to
i
t h e  f a c t  t h a t  t h e y  a r e  i n c a p a b l e  o f  p roduc ing  s u f f i c i e n t  q u a n t i t i e s  o f
t h i s  n eu ro p ep t i d e  t o  be d e t e c t e d  by ICC methodology.  Other  p o s s i b i l i t i e s
s h o u l d  be c o n s i d e r e d .  The p r e s e n c e  o f  i r - f i b e r s  i n  t h e  NLT o f  l a t e
m a t u r e r s  a n d  t h e  a c c u m u l a t i o n  o f  i r-LHRH i n  NLT p e r i k a r y a  o f  11-
2 Sk e t o t e s t o s t e r o n e  i n j e c t e d  P P f i s h  (Schreibman e t  a l . ,  1983 and pg.  M1!) 
would  p r e c l u d e  t h e  s u g g e s t i o n  t h a t  t h e s e  neurons  a r e  i n c a p a b l e  o f  LHRH 
p r od u c t i o n .  I t  i s  a l s o  p o s s i b l e  t h a t  t he  r a t e s  c f  NLT LHRH s y n t h e s i s  and 
r e l e a s e  i n  l a t e  m a t u r e r s  a r e  s i m i l a r  and,  t h e r e f o r e ,  t h a t  LHRH does not  
a c c u m u l a t e  i n  t h e s e  neurons .  Although c y t o l o g i c a l  s i m i l a r i t i e s  between 
NLT p e r i k a r y a  o f  e a r l y  and l a t e  m a t u r e r s  i n  s t a g e  2 s ugges t  t h a t  the  
dynamics o f  t o t a l  p r o t e i n  s y n t h e s i s  and r e l e a s e  a r e  comparable  i n  t he  two 
g e n o t y p e s ,  t h e  f a c t  t h a t  o n l y  e a r l y  m a t u r e r s  a c c u m u l a t e  i r-LHRH i n  
p e r i k a r y a  o f  t h e  NLT i n d i c a t e s  t h a t  some d i f f e r e n c e s  must  e x i s t  between 
t h e  g e n o t y p e s  w i t h  r e g a r d  t o  NLT s y n t h e s i s  a n d / o r  r e l e a s e  o f  LHRH in 
p a r t i c u l a r .
The p o r t i o n  o f  t h i s  s t u d y  c o n c e r n e d  w i t h  p i t u i t a r y  r e m o v a l  and
hormone r e p l a c e m e n t  f u r t h e r  i l l u s t r a t e s  the  dynamics o f  the  i n t e r a c t i o n
b e t wee n  LHRH and p i t u i t a r y  GTH. The r e s u l t s  o f  ICC and RIA a n a l y s e s
d e m o n s t r a t e  t h a t  h y p o p h y s e c t o m y  p r o d u c e s  d i s t i n c t  c h a n g e s  in  t h e
d i s t r i b u t i o n  and q u a n t i t y  o f  LHRH j n  t h e  b r a i n .  RIA r e s u l t s  i n d i c a t e
t  h a t  t  h c  r e  i  s  a d e  c r e a s e  i n  L HR H c o n t e n t  i n  t h e  b r a i n s  o f
hypophysectomized a n i ma l s ,  which it: not  r e s t o r e d  by t he  a d m i n i s t r a t i o n  o f
salmon GTH. ICC i n d i c a t e s  t h a t  win : o !i an imal s  chow d e cr ea se d  ir--I..HRH in 
t h e  NLT and NPP, t h e r e  i s  i n  f a c t  an j no rcasc  >n H9R *«.-> .»• .-I*.-*-,
S i m i l a r l y ,  t h e  a d m i n i s t r a t i o n  o f  GTH a l s o  has a d i f f e r e n t i a l  e f f e c t  in  
d i f f e r e n t  r eg i ons  of  t he  b r a i n ,  t h a t  i s ,  NOR p e r i k a r y a  and f i b e r s  show a 
marked  d e c r e a s e  i n  t h e  H induced i n c r e a s e  i n  ir-LHRH, whi l e  NLT and NPP
i
immunoreao t iv i t y  i s  i n c r e a s e d  in f i b e r s  but  no t  p e r i k a r y a .  On t h e  whole,  
t h e s e  r e s u l t s  i n d i c a t e  a c o r r e l a t i o n  between ICC and RIA d e t e r m i n a t i o n s  
on t h e  o v e r a l l  c o n t e n t  o f  LHRH i n  t h e  b r a i n .  However ,  t h e y  a l s o  
i l l u s t r a t e  t h a t  a l t h o u g h  RIA i s  a u s e f u l  q u a n t i t a t i v e  t o o l ,  i t  does not  
e n a b l e  t h e  d e t e c t i o n  o f  t h e  I C C - d e m o n s t r a b l e  r e l a t i v e  c o n c e n t r a t i o n  
c hanges '  i n  t h e  d i s t r i b u t i o n  o f  t h e  s u b s t a n c e  b e i n g  measured.  I t  i s ,  
t h e r e f o r e ,  much more e n l i g h t e n i n g  i f  b o t h  t e c h n i q u e s  a r e  employed i n  
s t u d i e s  where organs  a r e  assayed .
ICC demons t r a t i ons  o f  m a t e r i a l  which c r o s s r e a c t s  wi th  ant i -mammal ian 
LHRH i n  p e r i k a r y a ,  f i b e r s  and p i t u i  t a r y  c e l l s  i n  r e g i on s ,  known t o  be 
a s s o c i a t e d  w i t h  r e p r o d u c t i o n  i n  t h e  p l a t y f i s h  (Margol i s -Kazan e t  a l . ,  
1 9 8 1 ;  Munz e t  a i . , 1981,  1 9 8 2 ) ,  and t h e  f a c t  t h a t  p o r t i o n s  o f  t h e  
d e c a p e p t i d e  a r e  homologous  i n  f i s h  and mammals ( B a r n e t t  e t  s i . ,  1982; 
King and M i l l a r ,  19 8 0)  , j u s t i f y  t he  use  o f  mammalian LHRH a n t i s e r u m  in 
the  RIAs i n  t h i s  s t udy .
The d i f f e r e n t  r e s p o n s e s  o f  t h e  NOR, NPP and NLT to hypophysectomy 
and the  f a c t  t h a t  the  t imes  o f  appearance  o f  ir-LHRH in  the  t h r e e  c e n t e r s  
be twee n  b i r t h  and p u b e r t y  a r e  d i f f e r e n t  sugges t  t h a t  t h e s e  b r a i n  a r e a s  
d i f f e r  i n  t h e i r  r o l e s  i n  r e g u l a t i n g  EPG a x i s  f u n c t i o n .  The r e g i on  o f  the  
b r a i n  which f i r s t  e x h i b i t s  p e r i k a r y a  and f i b e r s  c o n t a i n i n g  ir-LHRH i s  the  
NOR, and t h i s  o c c u r s  a t  5 deve l opment a l  s t a ge  t h a t  i s  c h a r a c t e r i z e d  by 
low GTH l e v e l s  due to  the  absence o f  the  gonado t rop i c  zone c h a r a c t e r i s t i c
c o n c e p t  i s  f u r t h e r  s u p p o r t e d  by t h e  p a r t i a l  d e c r e a s e  o f  the  H induced 
i n c r e a s e  i n  NOR ir-LHRH i n  H GTH t r e a t e d  f i s h .  In mammals t o o ,  b r a i n  
n u c l e i  c o n t a i n i n g  t h e  same t y p e  o f  hormone have been found t o  respond
I
d i f f e r e n t l y  t o  h y po ph ys e c t om y  (Ernanuele e t  a l . ,  19 8 l a , b ;  H o t s t e t t e r  £ t  
a l . ,  1981; N a l l a r  and McCann, 1965; Souchek e t  a l . ,  1981; Wenger e t .  a l . , 
1978) ,  t h u s  e x t e n d i n g  t h e  c o n c e p t  t h a t  r e g i o n s  o f  t he  b r a i n  t h a t  a r e  
a s s o c i a t e d  w i t h  t h e  r e g u l a t i o n  o f  a p a r t i c u l a r  endocr ine  phenomenon may 
be a f f e c t e d  d i f f e r e n t l y  by iden t i c a l ,  p h y s i o l o g i c a l  s i g n a l s .  I t  has been 
s u g g e s t e d  t h a t ,  i n  r a t s ,  changes i n  t he  d i s t r i b u t i o n  o f  ir-LHRII m a t e r i a l  
i n  t h e  b r a i n  may be due t o  s t r u c t u r a l  m o d i f i c a t i o n s  which fo l l ow the  
s u r g i c a l  r e m o v a l  o f  t h e  p i t u i t a r y  gland (Baker and Dermody, 1976).  I t  
ha s  n o t  been  d e t e r m i n e d  i f  any changes  i n  t he  n eu r ona l  pathways o f  the  
NOR o c c u r  i n  hypophysectomised p l a t y f i s h .  However, the  r e s u l t s  from the 
ontogeny,  and hypophysectomy and hormone rep l acement  s t u d i e s  i n  p l a t y f i s h  
l e a d  to  t h e  s p e c u l a t i o n  t h a t  shift.'-, i n  LHRH co n t en t  a r e  p h y s i o l o g i c a l l y  
b a s e d  and n o t  due t o  a  remodel ing o f  t he  b r a i n  c y t o a r c h i t e c t u r e .  Also,  
t h e s e  c h an ge s  a rc  presumably not  r e l a t e d  t o  t he  de a t h  o f  neurons ,  as  has 
been r e p o r t e d  i n  the  s u p r a o p t i c  nuc l eus  f o l l owi ng  hypophysectomy i n  r a t s  
( R a i s m a n ,  1 97 3)'  s i n c e  c e l l  c o u n t s  o f  random s a m p l e s  i n  t h i s  s t u d y  
i n d i c a t e d  no d i f f e r e n c e s  between H and sham-opera ted  f i s h  i n  t he  number 
o f  neurons p r e s e n t  in t he  NLT, NOR and NPP.
In r e m o v a l  o f  t h e  p i t u i t a r y  gland has profound d e l e t e r i o u s  e f f e c t s  
oh t h e  f u n c t i o n i n g  o f  a l l  e n d o c r i n e  o r g a n s  and t h i s  c o m p l i c a t e s  an 
a n a l y s i s  o f  t h e  e f f e c t s  o f  h y pophys ec tomy  on s p e c i f i c  p h y s i o l o g i c a l  
phenomena.
I n  f i s h e s , l i t t l e  i s  known a b o u t  t h e  s p e c i f i c s  o f  f e e d b a c k  
mcchan i sms  i n  t h e  n e u r o e n d o c r i n e  system,  and t h i s  i s  e s p e c i a l l y  so for  
t h e  e f f e c t  o f  H on I,HR!! it. the  bra i l  of  f  Tbr , - e fo r o .
i n t e r p r e t a t i o n s ,  o f  t h e  r e s u l t s  i n  t h i s  s t u d y  a r e ,  b a s e d  on ou r
u nd e r s t an d i n g  o f  endocr ine  c o n t r o l  systems i n  o t h e r  v e r t e b r a t e s ,  tempered
by t h e  knowledge t h a t  r e g u l a t i o n  o f  g on a do t r op i c  a c t i v i t y  i n  t e l e o s t s  i s
p r i m a r i l y  n e u r a l ,  and n o t  v a s c u l a r  ( P e t e r  and Nagahama, 1976; Peute  e t
a l . , 1976).  One would expec t  the  removal  o f  the  p i t u i t a r y  g la nd ,  and the
a s s o c i a t e d  d ec r ea se  in  GTH, t o  l ead  t o  a d e p l e t i o n  o f  s t o r e d  LHRH i n  the
b r a i n  a s  w e l l  a s  an  i n c r e a s e  i n  i t s  s y n t h e s i s .  The c y t o l o g i c a l
o b s e r v a t i o n s  o f  h i g h  s y n t h e t i c  a c t i v i t y ,  a l o n g  w i t h  t he  q u a n t i t a t i v e
d e c r e a s e  i n  LHRH o b s e r v e d  i n  t h e  b r a i n  a s  d e t e r m i n e d  by RIA and ICC,
s u p p o r t s  t h i s  i n t e r p r e t a t i o n ,  a t  l e a s t  f o r  the  NPP and NLT. In t he  NOR,
h ow ev e r ,  t h e  evidence  o f  high a c t i v i t y  i s  a s s o c i a t e d  wi th  an i n c r e a s e  in
ICC-demonst rable  ir-LHRH as  we l l  as  i n  i n c r e a s e  i n  b a s o p h i l i a  and n u c l e a r
and n u c l e o l a r  s i z e ,  t h u s  s u g g e s t i n g  t h a t  in t h i s  b r a i n  r e g i on  t h e r e  i s
a c t i v a t e d  s y n t h e s i s  w i t h o u t  i n c r e a s e d ,  o r  even perhaps  wi th  d e c r e a s e d ,
LHRH r e l e a s e .  The f a i l u r e  o f  GTH a d m i n i s t r a t i o n  t o  r e s t o r e  LHRH to
n or ma l  l e v e l s  a p p e a r s  t o  c o n f l i c t  w i t h '  i n t e r p r e t a t i o n s  b a s e d  on BPG
r e g u l a t i o n  i n  mammals; however ,  t he  q u a n t i t y  o f  GTH a d m i n i s t e r e d  .in t h i s
s t u d y  may have been i n s u f f i c i e n t  t o  r e v e r s e  the  e f f e c t  o f  hypophysectomy
on t h e  LHRH s t o r e s .  Thi s  e x p l a n a t i o n  i s  suppor t ed  by the  f a c t  t h a t  f i v e
10-ug GTH i n j e c t i o n s  on a l t e r n a t e  days does l ead  t o  a p a r t i a l  r e t u r n  o f
normal cy to logy and ICC-demonst rable  LHRH l e v e l s  i n  t he  NOR, NPP and NLT.
E x p e r i m e n t s  should ,  t h e r e f o r e ,  be conducted i n  which GTH i s  a dm i n i s t e r ed
i n  g r e a t e r  q u a n t i t i e s  a n d / o r  f o r  l o n g e r  d u r a t i o n s .  I f  t h e s e  proposed
e x p e r i m e n t s  r e s u l t  i n  a r e s t o r a t i o n  o f  ICC- and R IA- d e t ec t ab l e  LHRH to
l e v e l s  c h a r a c t e r i s t i c  o f  i n t a c t  f i s h ,  t h e y  would s up po r t  t he  concept
t h a t , i n  p l u t y f i  sn , r i t u  •<•••• ry gonar iat rcpi  n a c t s  in a s h o r t  loop feedback
s y s t e m  t o  a s s i s t  i n  t h e  c o n t r o l  of  LHRH s y n t h e s i s  and r e l e a s e . Cn the  
o t h e r  hand ,  the  fa i l u r e  o f  Cf'! to -’e . ' t o r e  L!:RH : eve I s. wo"1-; - m-, t, h ,.. <
,1; i .
t h e  p r i m a r y  c o n t r o l ,  o r  one a c t i n g  i n ,  c o n j u n c t i o n  wi th  t he  s h o r t l o o p  
m e c h a n i s m ,  i s  d e p e n d e n t  upon t h e  d i r e c t  c o n t a c t  o f  LHRH--eonveying 
n e u r o n a l  f i b e r s  w i t h  p i t u i t a r y  gland gonado t rops .  Al though t he  f a i l u r e
i
o f  GTH t o  r e s t o r e  LHRH t o  normal  l e v e l s  may a l s o  have been i n f l u e n c e d  by 
t h e  q u a n t i t y  o f  g o n a d a l  hormones p r e s e n t  in  t he  hypophysectomized f i s h ,  
t h e  s t u d y  i n d i c a t e s  t h a t  even 5 weeks a f t e r  hypophysectomy t he  h i s t o l o g y  
o f  t h e  o v a r y  r e m a i n s  n o r m a l ,  t h u s  making  i t  l i k e l y  t h a t  c h a n g e s  i n  
g o n a d a l  s t e r o i d  l e v e l s  w e r e  m i n i m a l  f o r  t h e  d u r a t i o n  o f  t h e s e  
e x p e r i m e n t s .  However ,  t h e  q u a n t i t y  o f  GTH a d m i n i s t e r e d  a pp ea r s  t o  be 
s u f f i c i e n t  t o  r e s u l t  i n  t h e  d e p l e t i o n  o f  mature  yolky o ocy t es  and the  
s t i m u l a t i o n  of  o o g e nes i s ,  a phenomenon observed in  o t h e r  t e l e o s t s  as  wel l  
(Sundararaj -e_t  ajL., 1972).
I t  i s  c l e a r  t h a t  gon od a l  s t e r o i d s  a r c  impor t an t  i n  a f f e c t i n g  a d e l i c a t e  
b a l a n c e  among c omp on en t s  o f  t h e  BPG a x i s  f rom b i r t h  t o  a d u l t h o o d  in 
p l a t y f i s h .  N e o n a t a l  f i s h  a l r e a d y  c o n t a i n  s t e r o i d  s y n t h e s i z i n g  enzymes 
(Schreibman e t  a l . ,  1982b).  Metamorphi.c changes  i n  t he  a n a l  f i n  i n d i c a t e  
t h a t  c i r c u l a t i n g  l e v e l s  o f  s e x  s t e r o i d s  a p p e a r  e a r l y  and i n c r e a s e  a t  
s p e c i f i c  p e r i o d s  a s s o c i a t e d  wi th  m a t u r a t i o n a l  changes  ( G r o b s t e i n ,  1998; 
Schreibman e t  a l . ,  1982b).
The u s e  o f  i n i t i a t e d  s e x  s t e r o i d s  and a u t o r a d i o g r a p h y  have  
d e m o n s t r a t e d  s t e r o i d  c o n c e n t r a t i n g  c e n t e r s  i n  t h e  t e l e o s t  b r a i n .  
R a d i o a c t i v e  m a t e r i a l  h a s  been  i d e n t i f i e d  in the  t e l e n c e p h a l o n  c l o s e  to
t h e  NOR, t h e  NPP and t h e  NLT (Kim c_t £l_. , 1 9 7 9 a ,  b ) .  Also,  s t e r o i d s
l a b e l e d  w i t h  t r i t i u m  o r  f l u o r o s e e i n  have  been l o c a l i z e d  In p i t u i t a r y  
c e l l s  i n  t he  CPI) and PI (Kim e t  a l . ,  1979a, b: Schreibman e t  a l . , 1SS2c) • 
These f i n d 5 n js sugges t  t h a t  sex s t e r o i d s  may d i r e c t l y  i n f l u e n c e  s e c r e t o r y
a c t i v i t y  by b i n d i n g  to  ''v ! I s  i s t he  pi ts '  i a r y  and b r a i n .
Ti l l s -  i s  f u r t h e r  s '  < b s t . n . t  i  a t  o d by  o n i r d - H n k  i n  w h i c h  t h e
a d m i n i s t r a t i o n  o f  androgens  t o  immature f i s h  o f  e a r l y  and l a t e  ma tu r ing  
g e n o t y p e s  i n d u c e d  p r e c o c i o u s  sexua l  development  which was ma n i f e s t ed  by 
the  accumula t ion of  ir-LHRH in  t he  b r a i n ,  a p r o l i f e r a t i o n  o f  g ona do t r ops ,  
and sperm p r o d u c t i o n  ( S c h r e i b m a n  e t  a l .  , 1983) • Th i s  exper iment  a l s o  
d e m o n s t r a t e d  t h a t  d i f f e r e n t  ' s t e r o i d s  a f f e c t  d i f f e r e n t  b r a i n  c e n t e r s ,  
s i n c e  t h e  a d m i n i s t r a t i o n  of  t e s t o s t e r o n e  (T) l ed  to  t he  a ccumul a t i on  o f  
ir-LHRH i n  t h e  NOR and NPP, whereas  11-ke to  t e s t o s t e r o n e  (11 —K) l ed  to  
i t s  a c c u m u l a t i o n  i n  t h e  NOR and NLT. Even a n i m a l s  o f  l a t e  ma tu r i ng  
g e n o t y p e  t h a t  r e c e i v e d  11-KT had i r - NLT p e r i k a r y a ,  a phenomenon never  
o b s e r v e d  i n  normal development .  The f a c t  t h a t  t he  a d m i n i s t r a t i o n  o f  sex 
s t e r o i d s  can i n d u c e  t h e  m a t u r a t i o n  o f  a l l  c omp on en t s  o f  t he  BPG a x i s  
sugges t s  t h a t  under  normal  c o n d i t i o n s ,  p ub e r t y  may be induced by a sudden 
i n c r e a s e  i n  c i r c u l a t i n g  l e v e l s  o f  sex s t e r o i d s .  A p o s i t i v e  feedback o f  
s t e r o i d s  has '  a l s o  'been d e m o n s t r a t e d  i n  i mm a tu r e  s a l m o n  i d s  where the  
i m p l a n t a t i o n  o f  t e s t o s t e r o n e  i n t o  t h e  NLT and p i t u i t a r y  d r a m a t i c a l l y  
i nc re as ed  t he  con t en t  o f  p i t u i t a r y  GTH and s t i m u l a t e d  gamet ogenes i s  (Grim 
and E va ns ,  1980,  1 9 8 3 ) .  F u r t h e r m o r e ,  _in v i t r o  s t u d i e s  i n  s a l moni ds  
demonst ra t e  t h a t  t he  a d m i n i s t r a t i o n  o f  androgens  i n  c o n j u nc t i o n  wi th  LHRH 
p r o d u c e s  an i n c r e a s e  i n  t h e  number  o f  g o n a d o t r o p s  t h a t  i s  g r e a t e r  
(Fahraeus-van Ree e t  a l . , 1933),  than t h a t  found when LHRH i s  g iven  a lone  
(van den Hurk and van de Kant ,  1975; B i l l a r d ,  1978; Gie l en  e t  a]_, , 1982; 
Grim and Evans,  1983; Farhaeus -van  Ree, e t  a l . ,  1983).
■ T h i s  s t u d y  d e m o n s t r a t e s  t h a t  t h e  s e q u e n t i a l  a p p e a r a n c e  o f  LHRH 
p r o d u c i n g  c e n t e r s  i n  t h e  p l a t y f i s h  b r a i n  p recedes  and i s  e s s e n t i a l  fo r  
t h e  c o m p l e t i o n  o f  p i t u i t a r y  g o n a d o t r o p  development  and the  subsequent  
m a t u r e t i  on o f  ' t h e  g o n a d s . '  The s t e p s  i n  t h i s  p a t t e r n  o f  development  a r e  
P : 1;' ] ; ; r  i n  b o t h  g e n o t y p e s ,  a l t h o u g h  in  lav.e ;.;,i our err.  ahoy a r c  mere 
p r o t  r a c t o - i  and o c c u r  :i n o l d e r ’ f i s h . I t  i s  v o l l  e s t a s h o d  that ,  t i c  1
gene  c o n t r o l s  the  ago and s i z e  a t  which p l a t y f i s h  become s e x u a l l y  mature  
(Ka l l man  and S c h r e i b m a n ,  1 973 ; Ka l lman  e t  aJL. , 1573;  Sch r e ib ma n  and 
K a l l m a n ,  1977;  Ka l lman  and E o r k o s k i , 1 9 7 8 ) .  A b a s i c  q u e s t i o n  t h a t
i
r e m a i n s  t o  be a n s w e r e d  i s  how t he  l anguage  o f  t he  genome i s  t r a n s l a t e d  
i n t o  t h e  n e u r o e n d o c r i n e  p h y s i o l o g i c a l  a c t i o n  t h a t  l e a d s  t o  t h e  
d e v e l o p m e n t  o f  t h e  r e p r o d u c t i v e  sys tem.  The f i n d i n g s  p r e s e n t e d  i n  t h i s  
s t udy  s u g g e s t  a number o f  f o c a l  p o i n t s  f o r  f u t u r e  r e s e a r c h  on t he  s i t e  o f  
a c t i o n  of  t he  P l oc us .
The NOR i s  one o f  s e v e r a l  l i k e l y  c a n d i d a t e s  f o r  t h e  l o c a t i o n  o f  t he  
P gene  " s w i t c h ” f o r  r e p r o d u c t i v e  development .  I t  i s  t he  f i r s t  r e g i on  in  
t h e  b r a i n  t o  c o n t a i n  i r -LHRH and ,  t h e r e f o r e ,  t he  NOR could  f u n c t i o n  in 
r e g u l a t i n g '  t h e  g o n a d o t r o p i c  a c t i v i t y  o f  t h e  i mmat u r e  p i t u i t a r y .  
P r e s u m a b l y  t h i s  would be accompl i shed  by d i rec t ,  i n n e r v a t i o n  o f  t he  1CPD 
and P I .  The m o s t ' s i g n i f i c a n t  r o l e  o f  t he  NOR, however,  may wel l  be one 
o f  r e l a y i n g  a mess age  t o  o t h e r  b r a i n  c e n t e r s  s i g n a l i n g  the. beginning,; o f  
t h e  p r o c e s s  o f  p u b e r t y .  T h i s  i s  s u g g e s t e d  by t h e  f a c t  t h a t  t he  NOR 
i n n e r v a t e s  t h e  o t h e r  two b r a i n  c e n t e r s  i n  a d d i t i o n  t o  t he  p i t u i t a r y  and 
t h a t  t h e r e  a r e  marked changes in  i t s  a c t i v i t y  which a r e  d i r e c t l y  r e l a t e d  
t o  t h e  i n i t i a t i o n  o f  a c t i v i t y  in  t he  NPP, NLT and p i t u i t a r y .  In s h o r t ,  
i t  a p p e a r s  t h a t  t h e  " c a s c a d e ” phenomenon may be i n i t i a t e d  by t he  NOR. 
Les ioning  exper iment s  might  he lp  c l a r i f y  the  f u n c t i o n a l  i n t e r r e l a t i o n s h i p  
o f  the  t h r e e  b r a i n  c e n t e r s .
The NOR i s  u n i q u e  compared  t o  t h e  o t h e r  ir-LHJiK c o n t a i n i n g  b r a i n  
r e g i o n s  o f  p l a t y f i s h  by v i r t u e  o f  i t s  a n a t o m i c a l  and p h y s i o l o g i c a l  
p o s i t i o n  i n  t h e  neurocr .door ine  system.  I t s  a s s o c i a t i o n  wi th  v i s u a l  and
t o  r e p r o d u c t i o n ,  and c o n v e r t i n g  them i n t o  e ndocr i ne  a c t i o n  i n  t he  BPG 
a x i s .  The  p o s i t i v e  c o r r e l a t i o n  b e tw e e n  t h e  d e v e l o p m e n t  o f  n a s a l  
e p i t h e l i u m  and t h e  s t a g e  o f  s e x u a l  m a t u r a t i o n ,  n o t  c h r o n o l o g i c a l  age'
I
(Schreibman e t .  a l . ,  1984) f u r t h e r  demons t ra t e  t he  impor tance  o f  t he  l i n k  
between NOR r e l a t e d  s ens or y  r e c d p t o r s  and £  gene a c t i o n .
The s y s t e m  i n  wh i ch  t he  NOR oc cu p i e s  an i mp o r t an t  p i v o t a l  p o s i t i o n  
i s  n o t  u n i q u e  t o  p l a t y f i s h .  I t  a p p e a r s  a n a l o g o u s  t o  t h e  n e r v u s  
t e r m i n a l i s  i n  t he  guinea  p ig  which i s  t he  f i r s t  r e g i o n  t o  c o n t a i n  ir-LHRH 
d u r i n g  d e v e l o p m e n t  and whose i r -LHRH c e l l s  and p r o c e s s e s  a r e  o f t e n  
i n t e r m i n g l e d  wi th  f i b e r  bundles  o f  the  o l f a c t o r y  ne rve  (Schwanzel-Fukuda 
and S i l v e r m a n ,  1980;  Schwanzel -Fukuda,  e t  a l . ,  1981).  In humans,  t h e r e  
i s  a r e p r o d u c t i v e  anomaly known as  Ka l lmann ' s  Syndrome which r e s u l t s  from 
t h e  f a i l u r e  o f  the  o l f a c t o r y  system t o  develop norma l l y .  This  c o n d i t i o n  
i s  c h a r a c t e r i z e d  by d e f i c i e n c i e s  i n  LHRH and GTH, the '  f a i l u r e  o f  the  
go na ds  t o  d e v e l o p ,  a n o s m i a  ( l o s s  o f  s e n s e  o f  s m e l l ) and o c c a s i o n a l l y  
c o l o r  b l i n d n e s s .  The a d m i n i s t r a t i o n  o f  LHRH r e s u l t s  i n  t he  r e s t o r a t i o n  
of  p i t u i t a r y  gonado t r op i c  f u n c t i o n  (Soules  and Hammond, 1980).
A n o t he r  p o s s i b i l i t y  i s  t h a t  t he  P gene has o p e r a t i o n a l  s i g n i f i c a n c e  
i n  t h e  NPP. The . obse rva t ion  t h a t  t he  NOR a t  s t a g e  2 i n  l a t e  ma tu r e r s  i s  
s i g n i f i c a n t l y  l a r g e r  than  t h a t  o f  e a r l y  ma t u re r s  s u g g e s t s  t h a t  i t  may be 
working h a r d e r  t o  o v e r r i d e  a "genome-induced block"  t o  t he  " swi t ch ' '  which 
may be p r e s e n t  i n  t h e  NPP o f  l a t e  m a t u r e r s .  The NPP i s  p a r t  o f  the  
a n t e r o v e n t r a l  p r e o p t i c  r eg i on ,  an a r e a  s t r o n g l y  i m p l i c a t e d  as  one o f  the  
s i t e s  f o r  o r i g i n a t i o n  o f  go .nado t rop in  r e l e a s i n g  hormone (GnRIl) i n  many 
t e l e o s t s  and numerous s t u d i e s  have i d e n t i f i e d  ir-LHRH p e r i k a r y a  i n  th  NPP 
whose f i b e r s  t r a v e l  t o  t he  NLT a n d / o r  p i t u i t a r y  s t a l k  (Schreibman e t  a l . .
a l s o  a c e n t e r  f o r  GTH r e l e a s e  i n h i b i t o r y ,  f a c t o r  (GFIIF) a c t i v i t y  ( P e t e r  
and P a u l e n c u ,  1980;  Chang and P e t e r ,  1983 a o r  b ) .  J t  i s  b e l i e v e d  t h a t
t h i s  i n h i b i t o r  i s  t h e  c a t e c h o l a m i n e ,  dopamine (Chang and P e t e r ,  1983a.,
(
b ) .  T h e r e f o r e ,  i t  i s  q u i t e  p o s s i b l e  t h a t  t h e  P gene  i n  p l a t y f i s h  i s  
r e s p o n s i b l e  for- t h e  r e g u l a t i o n  o f  t h i s ,  a nd / o r  o t h e r  i n h i b i t o r s  o f  LHRH 
a c t i o n .  Bao (1931) and Bao and Kallman (1982) sugges t  t h a t  an i n h i b i t o r  
o f  GnRH may be r e s p o n s i b l e  f o r  t he  f a i l u r e  o f  h yb r i d s  o f  Xiphophorus to  
reach  s exua l  ma t u r a t i o n .
In  t h e  " ca s cade"  scheme the  r o l e  o f  the  NPP .is to i n i t i a t e  a c t i v i t y  
i n  t he  NLT which,  wi th t he  p a r t i c i p a t i o n  o f  t he  NOR and NPP, l e a d s  to  t he  
d e v e l o p m e n t  o f  t he  CPD g on ado t r op i c  zone in  the  p i t u i t a r y  and subsequen t  
g o n a d a l  m a t u r a t i o n .  T h i s  s e q u e n c e  o f  e v e n t s  i n  t h e  NPP, NLT and 
p i t u i t a r y  o c c u r s  r a p i d l y .  The e x i s t e n c e  o f  an e f f e c t i v e  communicat ive 
r e l a y  s y s t e m '  b e t w e e n  t h e s e  two b r a i n  n u c l e i  (NPP’ and NLT) and t h e  
p i t u i t a r y  i s  f u r t h e r  s u g g e s t e d  by e x p e r i m e n t s  i n  g o i c f i s h  where  
i n j e c t i o n s  o f  monosodium g l u t ama t e  (MSG) cause  d e gen e r a t i o n  i n  a r e a s  o f  
the  NPP, NLT and p i t u i t a r y  s t a l k  (Kah e t  a l . ,  1983).
The f a i l u r e  o f  i r - p e r i k a r y a  t o  appear  i n  the  NLT c f  l a t e  ma tur ing
f i s h  f rom s t a g e  2 t o  s t a g e  6 may have c o n s i d e r a b l e  s i g n i f i c a n c e  i n  the
u n d e r s t a n d i n g  o f  delayed m a t u r a t i o n ,  e s p e c i a l l y  t h a t  found i n  homozygous 
5 vNigra f i s h  (P/P , NN) which f r e q u e n t l y  do not  reach s exua l  m a t u r i t y  u n t i l  
t h e y  a r e  more t h a n  one year  o ld  (Kallman and Bo rk os k i , 1978) o r  s t e r i l e  
Xiphoph o r u s  which n e v e r  become m a t u r e  (Bao and Ka l l ma n ,  1982) .  The 
i n a b i l i t y  o f  Mure, e t  a l ♦ (1981) to  i d e n t i f y  ir-LHRH in  p e r i k a r y a  o f  the  
NLT o f  " s t o r e - b o u g h t ” p l a t y f i s h ,  m i g h t  ve ry  wel l  have been due t o  the  
f a c t  t h a t  l a t e  m a t u r i n g  g e n o t y p e s  o r  s t e r n  l e ' h y b r i d s  v.’e r e  used in t h a t  
s tudy.
The NLT i s  i n  c l o s e  proxi ' .ni  t y  t o  t h e  true! r us  r o c e s a u n  j a t v . r n l i s
(til!!.,) and nuc l eus  r e c c s s u s  p o s t c r i o r i s  (NKP) of  the. p a r a v e n t r i c u l a r  organ 
( PV0 )  w h i c h  may a c t  a s  a n e u r o m o d u . l a t o r  o f  LHRH f u n c t i o n  v i a  
n e u r o t r a n s m i t t e r  a c t i v i t y .  Also,  p r o c e s s e s  from t he  PVO which i nne rva t e .
I
t h e  NLT a nd  mo r e  r o s t r a l  p o r t i o n s  o f  t h e  d i e n c e p h a l o n  have  been  
i d e n t i f i e d  i n  t e l e o s t s  ( E k e n g r e n ,  19 7 5 ;  T e r l o u  e t  a j . . , 1 9 7 9 ) .
F l u o r o p h o r e s  o f  t h e  n e u r o t r a n s m i t t e r s  dopamine and s e r o t o n i n ,  have been 
i d e n t i f i e d  i n  t h e  PVO c f  numerous  t e l e o s t s  by u s e  o f  F a l c k - H i l l a r p  
m e th o d o l o g y  (Ter lou  e t  a l . ,  1979) and ,  most r e c e n t l y ,  immunocytochemical  
methods have been used s p e c i f i c a l l y  t o  l o c a l i z e  i r - s e r o t o n i n  (5HT) i n  the  
NHL and NRP of  p l a t y f i s h  (Margol i s -Kazan e t  a l . , 1983) and g o l d f i s h  (Kah 
a 2 • > 1 9 8 3 ) .  I t  w o u l d  be i n t e r e s t i n g  t o  s p e c u l a t e  t h a t  i t  i s  
s e r o t o n i n ,  which has been shown t o  modulate  LHRH s y n t h e s i s  and r e l e a s e  in  
mammals ( J e n n e s  e t . a_l. , 1 9 8 1 ) ,  a c t i n g  a t  the  l e v e l  o f  t he  NLT, which
’ r e g u l a t e s  the. l a s t  s t e p  i n  t he  cascade  c o n t r o l  o f  p i t u i t a r y  m a t u r a t i o n .
f  7 '
T h i s  h y p o t h e s i s  c o u l d  be e v a l u a t e d  by s t u d y i n g  d i f f e r e n c e s  i n  t h e  
d i s t r i b u t i o n  o f  i r -5HT in  e a r l y  and l a t e  deve lop i ng  geno types  a t  v a r i o u s  
s t a g e s  o f  t h e i r  m a t u r a t i o n a l  p r o c e s s .
The i n a b i l i t y  t o  d e m o n s t r a t e  i r-LHRH i n  NLT p e r i k a r y a  o f  l a t e  
m a t u r e r s  i s  t h e  o n l y  s t r i k i n g  b r a i n  d i f f e r e n c e  n o t e d  b e tw ee n  mature  
p l a t f i s h  o f  t h e  two g e n o t y p e s ,  and t h e r e i n  might  l i e  a c lu e  t o  de layed  
m a t u r a t i o n  and t h e  e x p r e s s i o n  o f  t h e  P gene  " s w i t c h " .  The p o s s i b l e  
r e d u c e d  LHRH produc t i on  by the  p e r i k a r y a  o f  t he  NLT may be caused by tine 
f a c t  t h a t  t h e  P gene  e x p r e s s e s  i t s e l f  in  a q u a n t i t a t i v e  f a s h i o n .  Late 
m a t u r e r s  a l s o  have fev,;e r  CPD gonado t rops ,  and thus  s ma l l e r  gonads,  ’which 
may be a r e f l e c t i o n  of  t h e s e  f i n d i n g s .  These o b s e r v a t i o n s  a r e  remarkably  
s i m i l a r  t o  t h e  e n d o c r i n e  p r o f i l e  c f  h y p o g o n a d a l  (h p g )  m i c e ,  whose 
de ' \ i o i enr .y  ' 11 hyooi :na iami  0 LHFill r c s u i  t »  i n  a r e d u c t i o n  o f  p i t u i t a r y  
g o n a d o t r o p i n , po u’- l y  developed gonadot rops  and the  f a i l u r e  o f  a c c e s s o ry
s e x u a l  t i s s u e  g r owt h  ( S u s t n r s i c  and W o l f e ,  'i 979;  Mc.9owcl .1, e t .  f}j • > 
1982a ; d) . F u r the r mor e , i n j e c t i o n s  of- s y n t h e t i c  LHRH or  t h e  i m p l a n t a t i o n  
o f  I.HRH p r o d u c i n g  b r a i n  t i s s u e  f rom n o r m a l  d o n o r s  i n t o  t h e  t h i r d  
v e n t r i c a l  o f  t h e s e  hpg mice  r e v e r s e s  t h e s e  a b n o r m a l i t i e s  ( Ch a r l t o n  o t  
a l . , 198.3; Gibson e t .  a l . ,  1983) .
I t  i s  a l s o  p o s s i b l e  t h a t  t h e  P g e ne  o p e r a t e s  i n  a q u a n t i t a t i v e  
manner  a t  t he  l e v e l  o f  t he  p i t u i t a r y  g l and  by r e g u l a t i n g  i t s  s e n s i t i v i t y  
t o  LHRM. T h i s  c o u l d  be a c c o m p l i s h e d  t h r o u g h  t h e  g e n e t i c  c o n t r o l  o f  
e i t h e r  t he  number o f  gonadot rops  o r  the  number o f  e f f e c t i v e  LHRII r e c e p t o r  
s i t e s  on GTH producing c e l l s .  In  f a c t ,  t he  term f!P” gene was o r i g i n a t e d  
t o  s u g g e s t  t h a t  i t s  a c t i o n  was a t  the  l e v e l  o f  the  p i t u i t a r y  (Kallman e t  
8 l .  f 1 9 7 3 ) ,  and  t h i s  v a s  b a s e d  on t h e  o b s e r v a t i o n  t h a t  t h e  a b r u p t  
d e v e l o p m e n t  .of  t h e  g o n a d o t r o p i c  none i n  t h e  vCPD c o i n c i d e s  wi t h  the  
i n i t i a t i o n  of  puber ty  ( s t a g e  2) .
T h i s  d i s c u s s i o n  c l e a r l y  i n d i c a t e s  t h a t  t he  s i t e ( s )  and meohanism(s)  
o f  a c t i o n  o f  t h e  P g en e  a r e  h i g h l y  complex phenomena and t h a t  they may 
i n v o l v e  many c omp o n en t s  o f  t h e  n e r v o u s  and e n d o c r i n e  s y s t e m s .  The 
r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  s ugges t  t h a t  the P gene may e xp r e s s  i t s e l f ,  
e i t h e r  d i r e c t l y  o r  i n n i r e o t l y  a t  a l l  l e v e l s  o f  t h e  BPG a x i s .  The 
p a r a m e t e r s  d i s c u s s e d  were  p r o mp t ed  by t h e  f i n d i n g s  o f  t h i s  s t u d y ,  
h o w e v e r ,  i t  i s  c l e a r  t h a t  o t h e r  p o s s i b i l i t i e s ,  t h a t  go beyond t h e  
boundar i es  of  t h i s  r e p o r t ,  should a l s o  be c o n s i d e r ed .
The mechanisms c o n t r o l ] ing pube r t y  have been e x t e n s i v e l y  reviewed by 
O j e da ;  e t .  a j i . , ( 1983) who c o n c l u d e s  t h a t  " t he  o ns e t  o f  puber ty  can be 
v i s u a l i s e d  vs t he  cu l mi na t i on  o f  a cascade  o f  changes  which develop i n  a 
s y n e h r o n i  s e d  m a n n e r  d u r i n g  r e p r o d u c t i v e  i mmnt ur i  t y . Whi l e  t h e s e  
phenomena nr:y bo s u b j e c t  to  penci l  c ec.u'v.-o; , fchai r  • . < • so occu r r ence  and 
n g l b i e  i n t e r r e d  hen huh o f  . iVod/u-eolal importune.:; f o r  pube r ty  t o  occur
hi
bf
a t  a p r o p e r  a g e " .  The p l a t y f i s h ,  X i  p h o p h o r u s  macu L a t u s , r e p r e s e n t ?  a 
p e r f e c t  m o d e l  f o r  t h e  i n v e s t i g a t i o n  o f  t h e s e  r e l a t i o n s h i p s  be tween  th e  
genome arid t h e  deve lopm en t  o f  n e u r o e n d o c r i n e  s t r u c t u r e  and f u n c t i o n .
Summary:
T h i s  s t u d y  u t i l i z e d  c y t o l o g i e s ! ,  c y t o m e t r i c ,  im muuocytoohemical  and 
r a d i o i m m u n o l o g i e a l  m e t h o d s  t o  e v a l u t e  t h e  a c t i v i t y  o f  LHRH p roduc ing '
I
r e g i o n s  o f  t h e  b r a i n  i n  r e l a t i o n  t o  t h e  p i t u i t a r y  g l a n d  and gonad ,  ( 1 ) 
f rom  b i r t h  t o  a d u l t h o o d ,  in  s i b l i n g  p l a t y f i s h  g e n e t i c a l l y  d e t e r m i n e d  t o  
r e a c h  s e x u a l  m a t u r i t y  a t  d i f f e r e n t  a g e s ,  and ( 2 ) i n  a d u l t  p l a t y f i s h  which 
w e r e • hypophysectom.i zed and r e c e i v e d  g o n a d o t r o p i n  hormone r e p l a c e m e n t .
T h e  r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  t h e r e  i s  a  s e q u e n t i a l  
d e v e l o p m e n t  o f  t h e  t h r e e  ir-LHRH c o n t a i n i n g  a r e a s  i n  t h e  b r a i n  t h a t  i s  
d i r e c t l y  r e l a t e d  t o  s t a g e  o f  s e x u a l  m a t u r a t i o n  and n o t  c h r o n o l o g i c a l  a g e .  
The NOR i s  t h e  f i r s t  r e g i o n  t o  c o n t a i n  ir-LHRH which t h e n  a p p e a r s  i n  t h e  
a n t e r o v e n t r a l  p o r t i o n  o f  t h e  NPP f o l l o w e d  by t h e  NLT p a r s  p o s t e r i o r i s .  
T h i s  a n t e r i o r  t o  p o s t e r i o r  s e q u e n c e  o f  deve lopm en t  which h a s  been te rmed  
t h e  " c a s c a d e • e f f e c t " i s  e s s e n t i a l l y ■s i m i l a r  i n  b o t h  e a r l y  and- l a t e  
m a t u r i n g  g e n o t y p e s ,  e x c e p t  t h a t  i n  l a t e  m a t u r e r s ,  s p e c i f i c  s t e p s  t a k e  
p l a c e  a t  s i m i l a r  d e v e l o p m e n t a l  s t a g e s  b u t  i n  o l d e r  a n i m a l s ,  and r e q u i r e  
more t im e  t o  be c o m p le te d ,  and ir-LHRH i s  n e v e r  found i n  p e r i k a r y a  o f  th e  
NLT. The  d e l a y  i n  t i m e  c r e a t e s  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
c y t o m e t r i c ,  c v t o l o g i c a l ,  and im m uno log ica l  c h a r a c t e r i s t i c s  o f  t h e  t h r e e  
b r a i n  r e g i o n s  i n  f i s h  o f  t h e  same age b u t  d i f f e r e n t  g e n o t y p e .
The a p p e a r a n c e  o f  LHRH p r o d u c i n g  c e n t e r s  i n  t h e  b r a i n  p r e c e d e s ,  and 
i s  e s s e n t i a l  f o r  t h e  c o m p le t i o n  o f  p i t u i t a r y  g o n a d o t ro p  deve lopm en t  arid 
t h e  s u b s e q u e n t  m a t u r a t i o n  o f  t h e  g o n a d s .  A d i r e c t  c o r r e l a t i o n  was found 
b e t w e e n  t h e  num ber  o f  i r -LHRH c o n t a i n i n g  n e u r o n s  in  t h e  b r a i n  and t h e  
number o f  ir-GTH CPD and PI c e l l s  i n  t h e  p i t u i t a r y  o f  b o th  e a r l y  and l a t e  
m a t u r e r s .  f rom o n e  week t o  a d u l t h o o d ,  i n  a d u l t  e a r l y  'and l a t e  m a t u r e r s  
t h e  num ber  o f  i t - c e l l s  a r c  s i m i l a r  it ,  t h e  NOR and P I ,  bu t  1 a t e - n a t u r e .  
n a v e  s i g n  i  f  rl c a n 1 1 y f e w e r  i  r - r e l  I s  j n t h e  NPP , NLT a r c  (I 'D.  In  to t
g e n o t y p e s ,  i r -LHRH c o n t a i n i n g  p e r i k a r y a '  i n  t h e  NOR r e a c h  maximum v a l u e s  
b e f o r e  t h e  a p p e a r a n c e  o f  i r -L H R H  i n  t h e  NPP and  NLT w h i c h  o c c u r s  
c o n c o m i t a n t l y  w i th  t h e  p r o l i f e r a t i o n  o f  g o n a d o t r o p s  i n  t h e  CPD.
The d y n a m i c s  o f  t h e  i n t e r a c t i o n  be tween  LHRH and p i t u i t a r y  GTH a r e
f u r t h e r  i l l u s t r a t e d  by t h e  e f f e c t s  o f  p i t u i t a r y  r e m o v a l  a n d  hormone 
r e p l a c e m e n t .  The  ICC a n d  RIA a n a l y s i s  r e s u l t s  d e m o n s t r a t e  t h a t  
hypophysectomy p ro d u c e s  d i s t i n c t  changes  i n  t h e  d i s t r i b u t i o n  and q u a n t i t y  
o f  LHRH i n  t h e  b r a i n .  RIA i n d i c a t e s  t h a t  t h e r e  i s  a d e c r e a s e  i n  t o t a l  
LHRH c o n t e n t  i n  t h e  b r a i n s  o f  h y p o p h y s e c t o m i z e a  a n i m a l s ,  w h i c h  i s  
p a r t i a l l y  r e s t o r e d  by t h e  a d m i n i s t r a t i o n  o f  salmon GTH. ICC. i n d i c a t e s  
t h a t  w h i l e  H a n i m a l s  show d e c r e a s e d  ir-LHRH i n  t h e  NLT a n d  NPP, NOR 
i m m u n o r e a c t i v i t y  i n c r e a s e s .  S i m i l a r l y ,  t h e  a d m i n i s t r a t i o n  o f  GTH a l s o  
has  a  d i f f e r e n t i a l  e f f e c t  in  d i f f e r e n t  r e g i o n s  o f  th e  b r a i n -  .
The d i f f e r e n t  r e s p o n s e s  o f  t h e  NOR, NPP and NLT t o  hypophysec tomy
and t h e  s e q u e n t i a l  a c c u m u l a t i o n  o f  ir-LHRH i n  t h e s e  t h r e e  c e n t e r s  be tween
b i r t h  and  p u b e r t y  s u g g e s t  t h a t  t h e y  d i f f e r  i n  t h e i r  r o l e s  i n  r e g u l a t i n g  
BPG a x i s  f u n c t i o n .  I t  a p p e a r s  t h a t  t h e  NOR f u n c t i o n s  when GTH l e v e l s  a r e  
low a s ,  f o r  e x a m p l e ,  i n  s e x u a l l y  immature p l a t y f i s h  and i n  m a tu re  f i s h  
f o l l o w i n g  h y p o p h y s e c t o m y .  The NOR i s  a l s o  u n iq u e  compared t o  t h e  o t h e r  
i r - L H R H  c o n t a i n i n g  b r a i n  r e g i o n s  o f  p l a t y f i s h  by v i r t u e  o f  i t s  
a s s o c i a t i o n  w i t h  v i s u a l  and  o l f a c t o r y  r e c e p t o r s  and  w i t h  t h e  p i n e a l  
g l a n d .
The r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e  t h a t  t h e  s i t e ( s )  and 
m e c h a n i s m  ( s )  o f  a c t i o n  o f  t h e  P gene a r e  h i g h l y  complex phenomena aud 
t h a t  t h e  P g e n e  may e x p r e s s  i t s e l f ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  a t  
v a r i o u s  l e v e l s  o f  the  n e rv o u s  and e n d o c r i n e  s v s t o m s .
IP a l l e l e s  and Figmeirb Markers  Used i n  t h i s  S tudy*
S to c k P e d i g r e e Sex Chromosome ?  A l l e l e Pigment P a t t e r n
•jbmcpa Jp -I f .O  A ( f  }~  -  J+ * X-Sp1 f-. S p o t - s i d e d
Ja~.?,pe. Jp 1 .9 0 3 9 8 (1 ) 
1 6 3 B ^ ( A)
X-Dr(Sd) F'- Red d o r s a l  f i n  
( S p o t t e d  d o r s a l )
Jamapa Jp 1 6 3 3 ^
16335MC)
Y-Sr ‘ p? S t r i p e - s i d e d
B e l i z e  Bp** 4 0 3 3 , ^ 0 3 3 ,
i a U 3 , t e U 8 ,
x - i r ^ c p o ) ? 5 N ig r a ( C a u d a l  p e d u n c l e  
b l a c k - b a n d e d )
qp.c-'r or'.qK-,a 301 3
l a p t e d  from Kallman and B o rk o s k i  (1978 ) .
C r ,l s p o t - s i d e d  p a t t e r n s  c f  d i f f e r e n t  p o p u l a t i o n s  a r e  c au s ed  by  d i f f e r e n t  a l l e l i c  Sp f a c t o r s  
(Kallman end B o r k o s k i , 1 9 7 8 ) .
I:-- -  b l a c k - c a n d e d  p a t t e r n s  o f  d i f f e r e n t  p o p u l a t i o n s  a r e  c a u s e d  by  d i f f e r e n t  N f a c t o r s  ( Kallman an a
B o rk o s k i .  1 3 7 c ) „
jp-x-s .  Th i s  chromosome h a s  been  i n t r o d u c e d  t h r o u g h  a  s e r i e s  o f  b a e k c r o s s e s  i n t o  t h e  Jamapa s t o c k s
(Kallman ana  B o r k o s k i ,  1 9 7 8 ) .
T ab le
Cross  1:
Cross  I I :
Cross I I I :
Genet i c  Crosses  and Progeny Used i n  t h i s  Study
P1 X-N X-Sp (x) X-Sp Y-Sr
(1)  X- Sp ,X-Sp (3)  X-Sp Y-Sr
(2) X-Sp X-N (U) X-H Y-Sr
?1 X-N X-Sp (x)  X-N Y-Sr
?,  (1)  X-Sp X-N (3) X-Sp Y-Sr
(2) X-N X-N (U) X-N Y-Sr
X-Sp X-Sp (x)  X-Sp Y-Sr
(1) X-Sp X-Sp
(2)  X-Sp Y-Sr
Table  3
C o r r e l a t i o n  of  Gonopodium Development t o  Stage  of  T e s t i s  Matura t i on*
Stage of Gonopodiun Format ion 
(According to Kallman and Schreibman 1973)
U n d i f f e r e n t i a t e d  a n a l  f i n
Stage 1: At 3-5 weeks of  age f i n  r ay s  3,  4 
and 5 s h o r t e n  i n  males .
Stage 1 t o  Stage2:  3-4-5  r a y  complex 
e n l a r g e s ;  i n c r e a s e  in'  t he  number of 
segments i n  r ay  3 from 9 t o  22.
Stage 3 t o  6: Gonopodium completes
d i f f e r e n t i a t i o n  i n t o  r o d - l i k e  s t r u c t u r e  
w i t h  t e r m i n a l  hook,  b l a de  and " sp i n e s "  
( t e e t h ) .
S t a t e  of T e s t i s  Ma t u r a t i on  
(According t o  van den Kurk 1974)
Stage  I :  T e s t i s  c o n s i s t s  of  2 l obes  wi t h  
spermatogonia  around c e n t r a l  s t roma.
Stage  I I :  As i n  I  bu t  wi t h  f i r s t  s i g n  of 
i n t r a t e s t i c u l a r  e f f e r e n t  duc t  fo r mat i on .
Stage  I I I ;  T e s t i s  e n l a r g e s  due t o  p r o l i f e r a ­
t i o n  of  s pe r matogon i a !  c y s t s .
S tage  IV: 2 or  3 l a y e r s  of  c y s t s  t h a t  
c o n t a i n  s pe r matocy te s .
Stage V: 6 or  7 l a y e r s  of  c y s t s  some of which 
c o n t a i n  s per mat i ds  c r  sperm c e l l s  (sperm 
c e l l s  may be seen  i n  gonopodium s t a g e  2 i n  
some e a r l y  ma tur ing  g e n o t y p e s ) ; h y d r a t i o n  
of  e f f e r e n t  duc t  t u b u l e s .
Stage  VI: E f f e r e n t  duc t s  f u l l y  developed and 
many spermatozeugmata p r e s e n t .
* Schreibman _et _ a l . , (1982) .
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Table 5+ •
Icry .iy  Used in  t h i s  Study
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M/F 1 7
:H 1 3
M/F . 1 3
7./? 1 7
M/F - 2  15
M/F 2 12
m/ f  6 lo
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Iv u c lsa r 
In d e x (u n )*
N ucleap  
A r e a ( ’.md- )':f
Sp/GpSr 7 1 0 3 .^ •H o2 0 3 .1 *7* .1 0 7  0  .l )-r%j c 1 «
- a _../■'Jtr 7  ■ 1 0 3 .6 .2 0 2 ,3 *{“  ^20 O , r- -00*0 d
v V i_!,0 3 3 S p/S pS r i o  5 l. U .l 4- .0 3 3 .6 *r .0 5 8 . 8  ±  .1 0
- : 1-1 ^ 8 T’/l I3 r 7 5 1-u 3 .6 ’r .05 3 .2 .0 1 7 7 - L f • ^ ~
1 • : ' 1 3 r 3 i l ' *■(X 3 .6 *r .1 0 3 .1 *r , 0 9 6 . 8  + .0 5
If/iJSr 3 13 1 + .3 <-L .3 0 3 .6 + . 1 0 8 , 3  ±  .6 0
” / ; : s rt 7 1 8 ,2 5 1 ^ .3 -U . 0 6 3.o 3 a. . 1 0 Q.2 +<■ ~ -
^ O -
I l3 ^ ^ ?p 033 , C p/SpSr 1 5  1 0 - 1 2  •. 2 •h .07 + . 0 6 1 3 .9  ± o 0
■;:;33.41H o .3 9 1 3 , I;/lT3r 1 2  2.6.33 2 ■i *r .0 1
—
.0 2 1 2 . It - . 2 0
" :A 'a GpSr 3  20 6 5*5 / .1 0 . 5 .3 .0 3 2 3 .0  + .2 0
h o l d
"•- ~ r1; B p/SpSr 1 0  3 ^ 6 5°5 ■f .2 1 5-3 u. .0 3 23  .  20
M ^ 3 ,3 3 7 3 ,
k ; r- u
.l / l 'S r 3 59 6 5 . 1* _u .1 0 r“ «■* 2 0 *7* .0 2 2 2 .3  + .1 0
-033 - • / r .~ . \ . f?—■H- i 2 O 5.U .1 2 5 .3 -r .0 2 2 2 .0  +
Table o
Morohcmetric A n a lysis  o f  1TI/T fron  to e  Week-old t o  Adulthood
Fenxiree ienotyoe No. o f Animals Age(v?ks) Stage C e ll Im olear Nuclear,
In a e x ( ,un}* 2 .index {xzn ) * AreaO-rtf" ) *
3p/SpSr
r- *: ’ i '•
j “O OO
1-1





1 3 ,2 5
p a  .j. mC- * y  • y
2 .8  + .0 6  
3 .^  + -0 -  
2.Q  + .0 3
3 .1  + .0 7
3 .1  + .0 6
1 3 .3
2 .6  + .0 9  
2 ,5  +  .10 





2 ,7  1  *°6 





;.5  + .3 0
0.1 T
3P/SpSr IS Xo-12 u .o  + .0 6  3 .6  + .0 5  8 .8  v .5 0
3«5 + .0 3  S .2 + .0 3  7 -9  + .1 0
r.U 6 3 -7  + .0 7  3 .5  + .o p  7 . J4 + .5 0
: 7.- -’V-'1/
:% 3373,
'/S oS r 10 'j ry , r\«"? t  !T i r>0 *7* ‘ t 17*7a (  * • ^  { .J • * •'-''t. ( . * r T  • ^ -L
3 a  1  .o u  3 .0  + .0 3  .7 .2  + .0 5
1 1  j l  C ‘ O  - i  r \ o  p7  O  - i -  f ’ •> * _L •  O  „J -3 L / •  '-^.5 { 9 —
T ab le  9
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9F a b le  12
M orp'icmetr y  (Kean + S .E . ) o f  S e x u a l ly  F u tu re  F is h  H ypophysectorn ized  (h )  
F or l j3 >  sad  5 Weeks and In d e b te d  v r i ia  SG-G3.00 ■
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P la te  1 . Radioimmunoassay o f  f i s h  b ra in  LHRH. R e la t io n ­
sh ip  i s  shown bwteen s ta n d a rd  curve and b o th  
sam ples o f  f i s h  b ra in  e x t r a c t .
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P la te  2. Radioimmunoassay o f  f i s h  b ra in  LHRH. A ctu al curve 
u sed  to  e v a lu a te  th e  e f f e c t  o f  hypophysectom ized 
ir-LHRH le v e l s .  In te ra s s a y  v a lu e  eq u a ls  1 .791 
picogram s p e r  b r a in ;  I n t r a - a s s a y  v a lu e  eq p a ls  
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P la te  3- T o ta l volume o f  th e  NOR,WPP and NLT in  e a r ly  and 
l a t e  m a tu re rs ;  E, f o r  e a r ly ;  L f o r  l a t e .  NOR and 
NPP re p re s e n te d  by b a r s ;  NLT , r e p re s e n te d  by 
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P la t e  U. N u c le a r  a r e a  o f  th e  NOR, NPP and NLT in  e a r ly
m a tu r e r s .
TO
5. C e l lu la r  index  o f  th e  NOR,NPP and NLT in  e a r ly  
m a tu re r s .
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P la t e  6 . N u c le a r  in d e x  o f  th e  N0R,NPP and NLT in  e a r ly
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P la t e  7 . N u c le a r  a r e a  o f  th e  N0R,NPP and NLT in  l a t e
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P la t e  8 . C e l lu la r  in d e x  o f  th e  NOR,NPP and NLT in  l a t e
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r<NLT
Age (wks) I 
Stage (late) 0
D
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6
P la t e  9- N u c lea r  in d e x  o f  th e  N0R,NPP and NLT in  l a t e
m a tu r e r s .
^ 5
6P la te  10, Upper p a n e l;  Number o f  ir-LHRH c o n ta in in g  p e r i
k a ry a  in  th e  N0R,NPP and NLT o f  e a r ly  (E) and l a t e  
(L) m a tu re rs . Bottom panel:Num ber o f  ir-GTH con­
t a in in g  c e l l s  in  th e  vCPD o f  e a r ly (o p e n  b a r s )  and 
l a t e  (c ro s s -h a tc h e d  b a r s )  m a tu re rs . Drawn l in e s  on 
t h i s  graph  r e p re s e n t  number o f  ir-GTH c e l l s  in  P I . 
Age and s ta g e  s c a le s  used fo r  b o th  upper and low er 
p a n e ls .
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P la te  11. C e ll and n u c le a r  in d ic e s  o f  ir-lC PD  c e l l s  in  e a r ly  
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P la te  12, C e ll  and n u c le a r  in d ic e s  o f  ir-r-vCPD c e l l s  in  e a r ly  
and l a t e  m a tu re rs .
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P la t e  13 . C e l l  and u n c le a r  in d ic e s  o f  i r - P I  c e l l s  in  e a r l y
and l a t e  m a tu r e r s .
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P la te  lU . C o ll (upper p a n e l)  and n u c le a r  (low er p a n e l)
In d ic e s  o f  shrun-qperatcd  and hypcpliysectom izcd  
m ature  p l a t y f i s h .  V alues f o r  's iis ia -o p ara ted  f i s h  
a -* c* 'val-vvs r/o iin ta ined  a t  1 , 3 5 end H weeks 
fo llo w in g  M argery. P o s t-n y p o p h y se c t any tim e s  o f 
1 ,3  and % weeks a re  in d ic a te d  on a h e is sa o  Arrow 
in d ic a te s  tim e  o f  GTil a a r iin is  t r e  e ion  t o  th o s e  
an im a ls  n o t s a c r i f i c e d  a t  5 weeks p o s t - o p e r a t io n  
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P la te  15. LKRH c o n te n t p e r  b ra in  as de term ined  by r a d io ­
immunoassay . V alues in  picogram s p e r  b ra in  and 
s ta n d a rd  e r r o r  a re  p re s e n te d  fo r  th e  th re e  
ex p e rim en ta l g ro u p s .
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Figure 1 . Line drawing o f  m id -sa g itta l s-ection through p la ty f is h  brain  
and p itu ita r y . C, cerebellum;EV, end v e s ic le  o f  p in ea l ;WLT, 
nucleus l a t e r a l i s  tu b er is  pars posterioris;W OR, nucleus o lfa c to -  
retinalis;W PO , nucleus ■ p reop ticu s; WPP, nucleus preopticus p e r i-  
ventricularis;W R L, nucleus rec-e'ssus l a t e r a l i s ;  WRP, nucleus  
reeessu s p o s t e r io r is ; OC, o p tic  chiasm;OL, o lfa c to r y  lo b e ; OT, . 
o p tic  tectum ; P, p itu ita r y ;P S , p in ea l s ta lk ;  R, rhombencephalon;
T, te len cep h alon ; VT, V entral tegmentum. In a l l  f ig u re s  o f  th e  
brain  and p i t i l i t a r ie s  in  s a g i t t a l  s e c t io n  a n ter io r  i s  to  th e  l e f t .
i'.lgUT'O £
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Figure U
: ' T.r-7 power- s a g i t t a l  s e c t io n  o f  b ra in , e a r ly  
Maturing d is h , s tage  6 , d e p ic ts  reg io n s where 
ir-XiKH has been lo c a l is e d ;  reacted  w ith a n t i -  
I/iiV'T and count&r'sjbained w ith  Masson’s Trichrome. '• 
h(liOh)', iipfKI5? )  ,  L(l<LT), F ( p itu ita x y ) . See f i g .
1. 3:'XC
. hOh; e a r ly  inaturer, s ta g e  6; ir-Lh/Tn in  p e r i-  
iravya (.0), conn ter  s ta in ed  w ith  Kisr.1. 17JOX.
iferl y raaturer, s ta g e  6 , 'reacted  w ith  unfci-LIIKH. 
IToto p r o c esses  w ith  ir-TihRH r a d ia tin g  frcw  N0K(?.T) 
norscen.udrally towr-rd p in e a l  (double arrow) said, 
v e n tr o r o c ir u lly  (sin.!j.lo arrow) 5 n to  oi ’.‘actory  




F ig u re  5* EEP, e a r l y  raa/burer,. s t a g e  6 .  Note ir-I»HRH in  
. perifcarya; (? )  and p r o c e s s e s  ( a r ro - r ) .  ?SOX.
Figure 6* . h y p o p h y s ia l  s t a lk ,  -early  rcaivurer, s ta g e  6 .
Note ir-LilRTi c o n t a i n i n g  p r o c e s s e s  (a r rows)  
i n  hyp©phy s i a l .f t to l l t . Niencephalou i s  upper  
l e f t - ,  p i t v d t a r y  lo w er r i g h t .  . iCy'l-C,
F igu re  7.  KLT, e a r l y  m aturev ,  s t a g e  6 .  .Note ir-LHKH 
i n  perJ.k.urya (l>) end f i b e r s  ( a r r o w ) .  1000X.
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F igure 8. P i tu it a r y , e a r ly  rnaturer, s ta g e  6 . Note 
ir-LIL'PI in  vCPD (e )  and PI (p) c e l l s .
n?:*:. * _
Figure 9* -.NOR, e a r ly  m aturer, one week o ld . Stained w ith  
1-iasson’s Ta-i chrome. Note p a le  s ta in in g  n u c le i  
(arrows) w ith  prom inent n u c le o l i .  I.T/pK.
F igure 10 , P itu ita r y , tra n sv erse  s e c t io n , e a r ly  m aturer, 
one week o ld . S ta ined  with teri-i-GTK. Note 
ir - c c l l lc  .Forming iar.ersj. noc‘:.-r,r; (I.) and 




F ig u re
F igure
F ig u re
1 1 , h x u u x t u x 'y s a g i t t a l  s e c t io n .  v'bhC veel? o ld ,  5 
e a r ly  m atu rcr*  S ta in e d  v ith ^ m ii-G T H . Note 
ir - r ru a te r ia l  in  P I (a r row )  nun in  l a t e r a l  
CPD (*-). 1 0 0 2 .
12.c NO?,, e a r ly  a a t u r e r ,  s ta g e  1 , ';• weeks o l d 4.
No ha ir-L!IRH (arrow ) su rro u n d in g  p o le  
.nuuleuK, C o u n te rs !s in e d  u i v i  ••■••snort's 
TricNrcruO. Compare w ith  f ig u r e  13 . 970X.
13» NO?, s ta g e  2 , e a r ly  m a tu r e r ,  10  weeks e ld .
r . i U - j C f l : ;  „ : . n  l j .  —j ■ u . ' . t l  j  y y  X  V i ; ' . O i l  
c o rn e red  to  s ta g e  1 ( f ig u r e  I d  ) .  3.01 OX,
l h ,  T\Tr, s ta g e  2 v e a r ly  B a tu re r ,  _ 10 vr.eks o ld . 
Note ir-LNRN in  p e r ik a y y a  (? )  and t i l e r s  




F lg v re  1 5 . Ur.T, e a r l "  n s .tv .re r , s t a g e  2 ,  10  w eeks o ld .
N ote ir-L H P ii i n  p e r ik a r y a  (p )  and  p r o c e s s e s ,  
I 69OX.
F ig u re  l 6 c -iOR, s ta g e  6, sh a m -o p e ra te d  f i s h ,  Hofce 
modicum o f  ri.r-IiIP.II i n  p e r ik a x y a  (p )  c-aid 
f i b e r s  ( F ) .  Ckmpare w ith  P ig s ,  1 7  and. I d ,
9SOX, ’
F ig u re  1 7 . .NOR, hypophysc ctonizecl. s a l i n e -
i n ’iec ted . .LMvl.. N ote on in c r e a s e  
in  i r  -r.iatvr'*al eoiipar-ed t o  F ig .  1 6 .
- c)'"’rX' . J •v'*- *
F ig a ro  1 8 .  .NOR, hyncphyr«etcmi?;e*<i O T H -ii:;jeeted  
f i s h .  ITote a d e c r e a s e  i n  i r - r n a t e r i a l  
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